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ABSTRACT
The aim of these studies was to produce calves 
exhibiting Bos indicus-Bos taurus chimaerism and to use 
these calves for studies of the mechanisms of immune 
responsiveness and disease resistance.
Secondary haemopoietic Bos indicus-Bos taurus chimaeras 
were produced by the establishment of twin pregnancies 
using embryo transfer techniques. Embryos, mostly day 7 
blastocysts, were collected from Bos indicus (Brahman and 
Red Sindhi) and Bos taurus (Friesian and Angus) donor cows 
and transferred to the contralateral uterine horn of 
inseminated Bos taurus (Jersey and Friesian) and Bos indicus 
(Brahman) recipient cows. Embryos were transferred to 
112 recipient cows, 64 (57.1%) of which were pregnant at 
7 to 8 weeks gestation (68.8% with twin pregnancies). 
Forty-four cows calved giving 21 sets of Bos indicus-Bos 
taurus twins and 23 single calves.
Haemopoietic chimaerism had been established in all 
10 Friesian-Brahman twins and the only pair of Angus- 
Brahman twins but chimaerism was detected in only 6 of 
the 12 pairs of Jersey-Brahman calves and foetuses. In 
the Friesian-Brahman twins, the majority of the peripheral 
blood lymphocytes were of Friesian genotype and were in 
excess of 90% in 8 of the 10 pairs when tested within one 
month of birth. The percentage of Friesian lymphocytes 
in the peripheral blood increased as the calves grew 
older. Friesian erythrocytes dominated in 8 of the 10 
pairs and Brahman erythrocytes dominated in the other 2 
pairs. Uniform domination by either Bos indicus or Bos 
taurus haemopoietic cells was not a feature of the 
chimaeric Jersey-Brahman twins. None of the singleton 
calves were chimaeric.
Studies were undertaken on methods to produce primary 
Bos indicus+-+Bos taurus chimaeras. The embryo-aggregation 
method using "Protease" to digest the zona pellucida was 
found to be an unsatisfactory method for cattle. The
Vblastocyst injection method was developed. Twenty-four 
blastocysts injected with 2 to 6 inner cell mass cells 
were transferred to 14 recipient cows. Seven calves were 
born but none were overtly chimaeric. Chimaerism of 
internal non-haemopoietic tissues was detected in one 
calf and there was evidence for hybridization of lympho­
cytes in 4 of 6 calves tested.
The cannulated prefemoral lymph node technique was 
used to study the immune response of chimaeric and non- 
chimaeric calves to Keyhole Limpet haemocyanin (KLH), 
ovalbumin and crude antigens from the cattle tick,
Boophilus microplus. Ovalbumin was found to be weakly 
antigenic and unsuitable for these studies. The immune 
response to primary and secondary challenge with KLH was 
studied in non-chimaeric Jersey, Friesian and Brahman 
calves to assess breed differences in the immune response. 
The output of antibody-producing cells during the primary 
immune response to KLH in Brahman and Friesian calves was 
significantly greater than in Jersey calves but differ­
ences between the 3 breeds in response to secondary 
challenge with KLH were not statistically significant.
In chimaeric twins, the immune response of each calf to 
KLH and tick antigens was usually different to its co­
twin, even though the immune systems were composed of 
lymphoid cells of the same genotype.
These results were interpreted to mean that an immune 
response in cattle does not depend solely on the lymphoid 
cells but that other physiological and anatomical features 
interacting with lymphoid cells have an important contrib­
ution to the magnitude of the immune response.
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1CHAPTER 1
INTRODUCTION
2GENERAL INTRODUCTION
Differences in resistance to disease between breeds 
and strains of domestic and laboratory animals has been 
known for many years (Hutt, 1958), but the role of the 
immune system and its interaction with physiological 
systems and anatomical features which determine natural 
resistance is poorly understood.
A growing understanding of mammalian immunogenetics, 
particularly the demonstration of the existence of immune 
response (Ir) genes and their association with lymphocyte 
antigens, has led to the discovery of relationships 
between the incidence of certain diseases and particular 
histocompatibility antigens. The obvious central role of 
lymphocytes in both cell-mediated and humoral antibody 
responses confers in these cells an added significance 
in the specification of immune reactivity and resistance 
to infective disease.
There are several ways of examining the genetic basis 
of disease resistance. It is possible to look for 
associations between lymphocyte antigens and disease 
resistance and in this regard, the bovine lymphocyte 
antigen (BoLA) system has been characterized to a 
considerable extent and some studies have been done to 
examine possible associations between BoLA antigens and 
resistance to disease. (Caldwell and Cumberland, 1978; 
Spooner, Leveziel, Grosclaude', Oliver and Vaiman, 19 78; 
Adams, 1980; Amorena and Stone, 1980).
A second way is to manipulate the lymphocyte 
populations of animals relative to the genotype of the 
remainder of the animal and to measure the effects of 
this manipulation on the animal's response to antigenic 
challenge and on its capacity to resist disease.
Cattle provide a special circumstance in which to 
manipulate lymphocyte populations because natural twin
3pregnancies almost invariably result in haemopoietic 
chimaerism in the calves. Under these circumstances, 
alien lymphocytes can be transferred into an animal 
where they function as a stable graft. There is a further 
possibility that synthetic chimaeras could be produced 
between different species of cattle ( Bos indicus and 
Bos taurus) in which differences in disease resistance 
are well documented.
The aim of the work described in this thesis was 
to produce mixed-species Bos indicus - Bos taurus chimaeric 
calves and to study the particular physiological 
characteristics of these animals, both in regard to the:r 
state of tolerance to one another's tissues and in regard 
to their response to specific antigenic challenge. This 
work was undertaken in the absence of any reports in the 
literature of mixed-species chimaeric cattle.
This thesis is divided into the following sections:
Chapter 1 This provides a general review of the 
literature on chimaerism, the use of chimaeras as 
immunological test systems, the association of the major 
histocompatibility system with disease resistance and a 
review of disease resistance of cattle.
Chapter 2 This section describes the materials and 
methods used for experimental work reported in this 
thesis.
Chapter 3 The creation of Bos indicus - Bos taurus 
pregnancies by embryo transfer and the pre-natal and 
post-natal survival of the calves is described in this 
chapter.
Chapter 4 This chapter reports on the characterization 
of the chimaeric state of calves born from the twinning 
experiments.
Chapter 5 This chapter describes the development of 
techniques to produce primary Bos indicus+^ -Bos taurus chimaeric
4calves and the results of the examination for chimaerism 
in the calves born.
Chapter 6 Studies on the immune responses of the 
prefemoral lymph node of the chimaeric and non-chimaeric 
calves following a variety of antigenic challenges are 
reported in this chapter.
Chapter 7 General discussion and conclusions
Bibliography
51.1 MAMMALIAN CHIMAERAS - TERMINOLOGY
The original "chimaera" was a fire-breathing monster 
of Greek mythology. The forepart of its body was a 
composite of a lion and a goat, the hindpart that of a 
dragon and the tail was a serpent. There were many other 
creatures composed of parts of several animals in Greek 
mythology, some of which were also monsters while others, 
such as the Centaurs, were not so fearsome.
In more recent times, Linnaeus introduced the term 
to describe a genus of fish of the family Chimaeridae, 
so called because of their peculiar structure and not 
because they consisted of an admixture of tissues. 
Botanists use the term to describe plants which are 
derived from different species by tissue grafting 
(Neilson-Jones, 1969).
A mammalian chimaera is defined as an animal 
containing cells derived from more than one zygote, or by 
the union of more than two gametes (McLaren, 1976). 
Chimaerism may be classified as either primary or 
secondary, the former occurring from a very early stage 
of development, even from fertilization and the latter 
arising during organogenesis or during post-natal life.
By contrast, a mosaic animal is derived from one zygote 
and contains different cell populations which arise during 
the course of development by some process such as somatic 
mutation, somatic re-combination or non-disjunction.
1.2 PRIMARY CHIMAERAS
Natural spontaneously-arising primary chimaeras 
rarely occur in man and animals (Benirschke, 1970;
Dewald, Haymond, Spurbeck and Moore, 1980). They may 
arise by one of the following processes (Ford, 1969? 
McLaren, 1976);
L
6(i) the early fusion of different embryos
(ii) the fertilization of an ovum and a polar body 
by two different sperm and subsequent union of 
the zygotes
(iii) the fertilization of a haploid ovum or polar 
body and subsequent fusion with a diploid polar 
body or ovum
(iv) the fertilization of two haploid nuclei, 
daughters of the ovum nucleus and subsequent 
fusion of the nuclei
The induced union of preimplantation embryos to produce 
mice which exhibit chimaerism of all or most tissues has 
been accomplished in several laboratories in recent years. 
Nicholas and Hall (1942) appear to have been the first to 
try to produce chimaeras by aggregating pairs of denuded 
one-cell rat eggs but their results were equivocal. 
Tarkowski (1961) and Mintz (1962; 1964) were the undoubted
pioneers in the field and were the first to produce 
unequivocal chimaeras by aggregation of mouse embryos.
The technique is described in detail by Mintz (1964; 
1971). Briefly, the zona pellucida is removed from 
mid-cleavage embryos, usually at the 8-cell stage, with 
the enzyme "Pronase". In Tarkowski's experiments the 
zona pellucida was removed mechanically. Pairs of 
denuded embryos have a strong intercellular affinity and 
when co-cultured from a composite embryo that can be 
transplanted to the uterus of a suitable recipient. More 
recently, the zona pellucida of mouse embryos has been 
dissolved by brief exposure to acidic Tyrode's solution. 
(Nisbet-Brown and Wegmann, 19 81) . The chimaeric 
offspring are commonly referred to as "allophenic", 
a term suggested by Mintz (1967), since they exhibit 
components of different phenotypes due to their multi­
embryo origin. The double-arrowed symbol <-•*■ is used 
to indicate primary chimaerism. The term tetra- 
parental is also used although it is possible to produce 
chimaeras composed of cells derived from embryos obtained
/
7from as many as 4 sets of parents (octaparental) (Markert 
and Petters, 1978; Petters and Markert, 1980).
Experiments have been done to produce chimaeras derived 
from normal and parthenogenetic embryos (Surani, Barton 
and Kaufman, 1977; Stevens, Varnum and Eicher, 1977), 
diploid and tetraploid embryos (Lu and Markert, 1980) 
and from normal embryos and embryos carrying lethal 
alleles (Mintz, 1964, Eicher and Hoppe, 1973). The 
technique has also been used to produce chimaeric rats 
(Mayer and Fritz, 1974). It has been shown that rat and 
mouse morulae will aggregate and develop to the 
blastocyst stage but no successful post-implantation 
development of mouse-rat aggregation chimaeras has been 
reported (Stern, 1973; Zeilmaker, 1973).
A second method for producing primary chimaeras in 
mice was devised by Gardner (1968; 1971) whereby isolated
cells of the inner cell mass or the whole inner cell mass 
from blastocysts were injected into a recipient blastocyst 
with the aid of micromanipulation apparatus. The injected 
cells aggregate with the inner cell mass of the recipient 
blastocyst and participate in the formation of the foetus. 
While Gardner isolated the inner cell mass by microsurgical 
means, the inner cell mass can also be isolated by 
selectively lysing the trophectoderm with complement- 
dependent cytotoxic antibody or with calcium ionophore 
A23187 (Solter and Knowles, 1975; Surani, Torchiana and 
Barton, 1978; Harlow and Quinn, 1979). The blastocyst 
injection technique has also been used to produce chimaeric 
rabbits (Gardner and Munro, 1974; Moustafa, 1974;
Babinet and Bordenave, 1980). Tucker, Moor and Rowson 
(1974) produced chimaeric sheep by injecting cells 
obtained from day 3 to 7 embryos under the zona pellucida 
of day 3 embryos. Intra-species chimaeric mice between 
Mus musculus and Mus caroli were reported by Ross ant and 
Frels (1980) and inter-species rat-mouse chimaeric 
foetuses have been produced by the blastocyst injection 
technique (Gardner and Johnson, 1973). The fact that
8teratocarcinoma cells possessed the characteristics of 
embryonic cells was demonstrated by the formation of 
chimaeric mice when they were injected into mouse 
blastocysts (Brinster, 1974; Mintz and Illmensee,
1975; Illmensee and Mintz, 1976; Papaioannou,
McBurney, Gardner and Evans, 1975).
In both aggregation and injection chimaeras in mice, 
chimaerism has been detected in most organs examined 
including skin, hair, retina, erythrocytes, lymphomyeloid 
tissue, liver, germ cells, intestines and brain.
Component cell populations of different genotype occur 
in patches in tissues due to clonal proliferation of 
progenitor cells rather than individual cells of different 
genotype being randomly intermingled. It does seem 
however that during embryonic development some cell 
mingling occurs randomly either before, or concomitantly 
with the clonal expansion of cells (McLaren, 1976). 
Chimaerism occurs in the coat colour of the majority of 
chimaeric mice although occasionally chimaerism of 
internal tissues may be present without chimaerism of 
the hair (Warner, Stephens and Mclvor, 1977). By 
contrast, the incidence of coat colour chimaerism in 
rabbit chimaeras is low (Moustafa, 1974; Babinet and 
Bordenave, 1980).
The extent of chimaerism in the tissues of chimaeric 
mice varies considerably within animals and between 
animals derived from the same strain combinations and 
the extent of coat chimaerism does not necessarily predict 
the composition of the internal tissues (Mintz and Palm, 
1969; Festenstein, Huber, Abbasi, Tuffrey, Gardner and 
Barnes, 1975; Warner, Graves, Tollefson, Schmerr, 
Stephens, Merryman and Maurer, 1976; Gearhart and 
Oster-Granite, 1981a)-. Mullen and Whitten (1971) however, 
found a correlation between coat colour and the sperm 
genotype in some strain combinations.
Generally, there is a close correlation between the 
levels of chimaerism of erythrocytes, peripheral blood
9lymphocytes, bone marrow, spleen, thymus and the circu­
lating y-globulins (Mintz and Palm, 1969; Wegmann and 
Gilman, 1970; Gornish, Webster and Wegmann, 1972;
Warner et al,1916; 1977). With certain strain combin­
ations, cells of one genotype may predominate in the 
blood but not in other tissues. In C3H C57B1 chimaeras, 
the C57B1 erythrocytes predominate (Mintz and Palm, 1969) 
and in AKR CBA-T6 chimaeras, AKR lymphocytes and 
erythrocytes are the predominant type (Tuffrey, Barnes, 
Evans and Ford, 1973; Barnes, Tuffrey, Drury and Catty, 
1974).
Frequently, the proportions of chimaeric cells in 
blood and skin change with the age of the animals (Mintz 
and Palm, 1969; West, 1977; Warner et at, 1976; Stephens, 
Mclvor and Warner, 1977; Gearhart and Oster-Granite,
1981b). These changes are referred to as "chimaeric 
drift" and while the changes in the erythrocyte popu­
lation usually parallel those of peripheral blood lympho­
cytes, it is not always the case (Stephens and Warner, 
1980). Studies of erythrocytes and lymphocytes in the 
chimaeric sheep produced by Tucker et at, (1974) over a 
period of 5 years showed that erythrocytes derived from 
the blastomeres injected into the recipient embryo 
became progressively fewer, whereas lymphocytes remained 
stable (Tucker, Dain and Moor, 1978) . The most plausible 
explanation for "chimaeric drift" is that it represents 
a continuous selection of cells of one of the genotypes, 
rather than an immunological phenomenon involving a 
change in the tolerant state causing preferential death 
of cells of the other genotype.
1.3 SECONDARY CHIMAERAS
(a) Haemopoietic chimaerism in twin calves
Chimaerism of haemopoietic cells occurs in more than 
90% of natural twins or multiple births in cattle (Marcum,
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1974). Owen (1945) was the first to detect this 
phenomenon when he found that the erythrocyte antigens 
of twin calves were identical. Knowing of the anatomical 
descriptions of Lillie (1917) , who showdd that there was 
anastomosis of the chorioallantoic blood vessels of twin 
foetuses in cattle, Owen interpreted his results to mean 
that haemopoietic stem cells were reciprocally exchanged 
between twin foetuses via the common circulation. Thus, 
each calf has erythrocytes of its own together with those 
of its twin.
With the development of techniques for the study of 
the chromosomes of cattle (Basrur and Gilman, 1964) , 
karyotypic analysis of heterosexual twin calves showed 
that there was also chimaerism of peripheral blood 
lymphocytes, bone marrow, spleen and lymph nodes (Ohno, 
Trujillo, Stenius, Christian and Teplitz, 1962;
Kanagawa, Muramoto, Kawata and Ishikawa, 1965; Teplitz, 
Moon and Basrur, 1967). The level of chimaerism of 
peripheral blood lymphocytes in heterosexual twin 
calves is of random distribution varying from 100%XX, 0%XY 
to 0%XX, 100%XY. The chimaeric condition is similar in 
each co-twin (Basrur and Kanagawa, 1969; Marcum,
Lasley and Day, 1972) and is generally stable as the 
twins become older (Teplitz et al, 1967; Kanagawa,
Kawata, Ishikawa and Inoue, 1967; Greene, Dunn and 
Foote, 1977). Somatic tissues such as foetal lung, 
kidney and mesonephros (Vigier, Prepin and Jost, 1973) 
and dermal fibroblasts (Emery and McCullagh, 1980a) 
have not been shown to be chimaeric. There does not 
seem to be chimaerism of circulating 3-globulins 
although the studies of the transferrin types of 
chimaeric calves have produced conflicting results 
(Gähne, Rendel and Venge, 1960; Datta and Stone, 1963).
The question of chimaerism of germ cells has not 
been fully resolved. It is possible that germ cells can 
be exchanged between foetuses as Ohno and Gropp (1965)
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✓and Jost and Prepin (1966) demonstrated the presence of 
primordial germ cells by histochemical techniques in 
liver sinusoids and the aorta of 25 to 34-day-old 
bovine foetuses. A low percentage of chimaerism has 
been detected in the spermatogonia of chimaeric bulls 
by some authors (Ohno et al , 1962; Teplitz et als 1967) 
but not by others (Short, Smith, Mann, Evans, Hallett, 
Fryer and Hamerton, 1969; Ford and Evans, 1977; Dunn, 
McEntee, Hall, Johnson and Stone, 1979). Germ cell 
chimaerism has not been found by progeny testing (Dunn 
et dl, 1979). However, reproductive fitness is often 
low in bulls born as co-twins to heifers (Stafford,
1972; Long, 1979) and the histological examination of 
testicular tissue in such bulls suggests an immuno- 
logically-mediated reaction as the cause of reduced 
fertility (Dunn et al, 1979).
The anastomosis of the chorioallantoic blood 
vessels in twin pregnancies occurs during the second 
month of gestation and as early as day 30 of 
gestation (Hafez and Rajakoski, 1964; Ohno and Gropp, 
1965). It is known that exchange of haemopoietic cells 
has occurred by day 37 of gestation (Vigier, Locatelli, 
Prepin, du Mesnil du Buisson and Jost, 1976). A 
consequence of chorioallantoic vascular anastomosis 
between heterosexual twin foetuses is the development 
of the freemartin syndrome. The female calf is born 
with varying anatomical abnormalities of the genitalia 
anterior to the vagina including the absence of the 
cervix, absence or defective development of the uterine 
horns and masculinization of the gonads (Lillie, 1917; 
Kastli and Hall, 1978; Wilkes, Wijeratne and Munro,
1981) .
The factors responsible for the freemartin 
phenomenon have still not been determined and several 
hypotheses have been advanced to explain the anatomical 
abnormalities found in the female co-twin. Lillie (1917) 
proposed that testosterone from the male foetus caused 
the freemartin condition but experiments in which
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testosterone and its derivatives were injected into 
female foetuses did not produce freemartins (Jainudeen 
and Hafez, 1965). It is known that the factors 
derived from the male foetus affect the genitalia of 
the female foetus from day 49 of gestation (Jost,
Vigier and Prepin, 1972). Jost, Prepin and Vigier 
(1977) hold the view that anti-Mullerian duct hormone 
from Sertoli cells and androgens from the male foetus 
later in development cause the female to develop as 
a freemartin. Goodfellow, Strong and Stewart (1965) 
proposed the cellular theory for the induction of 
freemartinism suggesting that XY lymphocytes caused 
virilization of the developing ovary. Recent evidence 
suggests that H-Y antigen, attached to lymphocytes or 
free in the plasma, binds to female gonadal tissue 
inducing it to differentiate as testicular tissue 
(Ohno, Christian, Wachtel and Koo, 1976; Wachtel,
Hall, Muller and Chaganti, 1980). Some chimaeric 
heifers however,do not have genital tract abnormalities 
and are fertile (Eldridge and Blazak, 1976; Smith,
Van Camp and Basrur, 1977). Greene et al (1977)reported 
a case of freemartinism without lymphocyte chimaerism 
but as they did not examine the male calf for chimaerism, 
this is probably a case where female lymphocytes dominate 
in each twin.
(b) Natural haemopoietic chimaerism in other animals
The other animal in which chorioallantoic vascular 
anastomosis and chimaerism occurs with high frequency 
is the marmoset monkey (Gengozian, Batson, Greene and 
Gosslee, 1969), but in this species there is no 
maldevelopment of the female genitalia in heterosexual 
twins. About 5% of sheep twins exhibit haemopoietic 
chimaerism with freemartinism (Stormont, Weir and Lane, 
1953; Moore and Rawson, 1958; Slee, 1963; Dain and 
Tucker, 1970). The reason for the low incidence of 
chimaerism in sheep compared with cattle is not clear.
It is known that the chorions of twin sheep foetuses
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commonly fuse but apparently the vasculature of the 
allantoic sacs do not (Mellor, 1969). It has been 
reported that in about 50% of equine twin pregnancies, 
there is placental vascular anastomosis and 
chimaerism but freemartinism does not occur (Bouters 
and Vandeplassche, 1972). In humans, haemopoietic 
chimaerism in twins is rare (Gill, 1977) although the 
transplacental exchange of lymphocytes has been reported 
to produce chimaerism in some children (Benirschke,
1970; Gill, 1977) .
(c) Experimental haemopoietic chimaeras
Haemopoietic chimaeras can be produced in chickens 
by parabiosis from the 10th day after fertilization 
(Hasek, 1956; Billingham, Brent and Medawar, 1956) 
with erythrocyte chimaerism existing in some chickens 
for up to Sh months after hatching. In birds, xenogeny 
is not a barrier to chimaerism as Hasek (1956) established 
haemopoietic chimaeras between chickens and turkeys and 
chickens and pheasants. The establishment of chicken- 
quail chimaeras by grafting tissue in ovo has been used 
extensively to study the ontogeny of the haemopoietic 
system (Beaupain, Martin and Dieterlen-Lievre, 1979) and 
neural tissue (reviewed by Le Douarin, 1980).
Neonatal mice can be made chimaeric by the 
intraperitoneal injection of spleen cells within 12 hours 
of birth (Nakic, Kastelan, Mikuska and Bunarevic, 1967). 
Depending on the strain combination, the lymph nodes 
and the thymus may contain up to 50% donor cells within 
30 days of birth although death from "runt disease" is 
common if fully allogeneic spleen cells are used. "Runt 
disease" can be reduced if spleen cells, foetal or bone 
marrow from Fl animals are used (Billingham and Brent, 
1959; Nakic, Mikuska, Kastelan, Springer and Silobrcic, 
1970). When Fl spleen cells were used, Nakic et al (1970) 
found that there was 50% chimaerism of the lymph nodes 
and Beyer's patches but less than 10% chimaerism in spleen, 
thymus and bone marrow within 3 weeks of birth. At
14
18 months, very few donor cells were left although 
specific tolerance, as tested by skin grafting, still 
remained.
The use of total body irradiation to destroy the 
lymphoid tissue of the host and then reconstituting 
with bone marrow from a donor animal, has been used 
for a number of years both for experimental purposes 
in rodents and dogs and for clinical bone marrow 
transplantation in humans (reviewed by Storb and 
Congdon, 1977). Semi-allogeneic haemopoietic chimaeras 
can be constructed in mice and rats by subjecting 
animals to whole body irradiation and reconstituting 
animals of either parental strain with Fl bone marrow 
of the parental strains. However, fully allogenic 
radiation chimaeras usually have a low survival rate 
due to graft-versus-host reaction with only 5% of 
mice surviving more than 60 days. These chimaeras 
appear to be immunoincompetent (Zinkernagel, Callahan, 
Althage, Cooper, Klein and Klein, 1978; Zinkernagel, 
Althage, Callahan and Welsh, 1980). Other investigators 
have found that 100% of fully allogeneic radiation 
chimaeras will survive to 100 days if reconstituted 
with bone marrow cells which have been treated with 
appropriate anti-Thy-1.2 antisera to remove 
immunocompetent T lymphocytes (Onoe, Fernandes and Good, 
1980).
1.4 IMMUNOLOGICAL TOLERANCE IN CHIMAERAS
Owen's observations on cattle twins were the first 
indication that cells with different antigens could 
coexist with impunity if they were brought together 
before the immune system had differentiated. The 
observation that mice infected in utero with lymphocytic 
choriomeningitis virus failed to form antibodies when 
infected with the virus after birth (Traub, 1939) and
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the stable chimaerism of the twin cattle,led Burnet and 
Fenner (1949) to predict the phenomenon of immunological 
tolerance. They formulated the view that antigens 
introduced into the foetus before maturation of the 
lymphoid system would be regarded as self and no 
antibodies would be produced if the animal was challenged 
with the same antigen after birth. Medawar and his 
colleagues studied the basis of immunological tolerance 
by injecting leucocytes from donor rats, mice and 
chickens into neonatal and foetal animals of the same 
species and showed that recipients would permanently 
accept skin grafts from the donor when they were 
applied subsequently (Billingham et al3 1956).
(a) Tolerance in primary chimaeras
When allophenic mice are constructed from two strains 
whose cells have different histocompatibility antigens, 
these antigens are expressed on the cells of the allophenes 
just as they are in the original strains. The mechanisms 
whereby two antigenically distinct populations of cells 
in one animal are able to live in harmony have received 
considerable attention and evoked much controversy.
As allophenic mice permanently accept skin grafts 
from parental strains but not from third party animals, 
Mintz and Silvers (1967) described immunological
tolerance in allophenic mice as being "intrinsic" in 
contrast to the "acquired" tolerance (Billingham et al3 
1956) induced by allogeneic cell inoculation in neonatal 
or irradiated adult hosts. In the allophenic situation, 
the advent of antigenic proteins ante-dates the 
appearance of the immune system. This supports the view 
that self-tolerance is a state of non-reactivity first 
advanced by Burnet (1959),whose "forbidden clone" 
concept holds that if a maverick clone of specifically 
self-reactive lymphoid cells arises it is normally 
somatically eliminated.
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The concept that immunological self-tolerance was 
due to the elimination of self-reactive clones of 
lymphocytes was challenged by those who postulated that 
protective serum factor(s) prevented aggressive 
lymphoid cells from attacking their target cells by 
masking the antigenic determinants on the target cell 
(Hellstrom, Hellstrom and Allison, 1971; Hellstrom, 
Helstrom and Trentin, 1973; Wright, Hargraves, Bansal, 
Bernstein and Hellstrom, 1973). Phillips, Martin, Shaw 
and Wegmann (1971) and Wegmann, Hellstrom and Hellstrom 
(i971) believed that serum "blocking" factors were 
responsible for tolerance in allophenic mice as serum 
from allophenic mice abrogated the mixed lymphocyte 
culture reactivity between allophenic cells and 
parental strain cells, and prevented the destruction 
in vitro of parental strain fibroblasts by allophenic 
lymphocytes. The action of suppressor cells as an 
additional mechanism of tolerance in allophenic mice 
was postulated by Phillips and Wegmann (1973).
Work by a number of other investigators has failed 
to confirm the presence of specific "blocking" factors 
in allophenic mice or radiation chimaeras (Grant,
Leuchars and Alexander, 1972; Beverley, Brent, Brooks, 
Medawar and Simpson, 1973; Meo, Matsunaga and Rijnbeck, 
1973; von Boehmer, Sprent and Nabholz, 1975). These 
workers could find no reactivity between chimaeric 
lymphoid cells and those of the parental strains with 
the mixed lymphocyte reaction or cell-mediated 
lympholysis tests. The in vitro results were supported 
by in vivo tests which showed the absence of any graft- 
versus-host reaction in the popliteal lymph node when 
allophenic lymphoid cells were injected into footpads 
of Fl recipients of the parental strains (Festenstein 
et al3 1975; Barnes and Graham, 1976). Recent work by 
Matsunaga, Simpson and Meo (1980) has confirmed these 
findings in allophenic mice, although in some chimaeras 
in which one parental type of cell predominated, cytotoxic
17
T lymphocyte precursors against the other parental cell 
type may have been present. They proposed that classical 
clonal elimination was the primary method of allogeneic 
tolerance in allophenic mice but that there was also a 
fail-safe mechanism present, possibly involving 
T suppressor lymphocytes.
(b) Tolerance in chimaeric twin calves
While chimaeric twin calves are completely 
unresponsive to each other's lymphocytes as shown by the 
absence of any stimulation of the prefemoral or 
popliteal lymph nodes when challenged with co-twin 
lymphocytes,and by the inability of lymphocytes from the 
twins to stimulate each other in vitro3 skin grafts 
exchanged between co-twins will not survive indefinitely 
(Emery and McCullagh, 1980a,b,c). Earlier studies by 
Anderson, Billingham, Lampkin and Medawar (19 51) , 
Billingham, Lampkin, Medawar and Williams (1952) and 
Billingham and Lampkin (1957) using like-sex and 
heterosexual twin calves showed that auricular skin 
grafted onto the withers would survive for up to 400 
days whereas skin exchanged between unrelated animals was 
rejected between 9 and 15 days. However, it was noted 
that in some animals,rejection processes often of a 
mild nature, would occur 74 to 119 days after grafting.
It was shown that if the female of heterosexual twins 
was not a freemartin and therefore not chimaeric, graft 
rejection was acute. Stone, Cragle, Swanson and Brown 
(1965) and Stone, Cragle, Johnson, Bacon, Bendel and 
Korda (1971) also exchanged auricular skin grafts to 
the withers and reported that only 30% of twins retained 
their grafts longer than two years and the time at which 
rejection occurred was not necessarily the same in each 
member of a pair of twins. The same workers showed 
however, that kidneys would remain functional for up to 
4 years after exchange between twins (Cragle and Stone, 
1967).
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Emery and McCullagh (1980a) exchanged both body skin 
grafts from the withers and auricular skin grafts between 
twin calves. Body skin grafts were rejected within 
70 days but auricular skin grafts usually survived 
indefinitely. The reasons for these differences between 
the acceptibility of skin from different sites are not 
clear but may be related to differences in skin thickness 
of the ear and withers. Both Stone et al (1971) and 
Emery and McCullagh (1980a) showed that when secondary 
skin grafts were exchanged, they were rejected faster 
than the primary grafts, indicating that the calves had 
been sensitized by the primary graft. They were 
therefore not fully tolerant of each other's skin. The 
explanation suggested is that there are skin-specific 
antigens in cattle which are not present on lymphocytes; 
therefore, chimaeric cattle twins exhibit split- 
tolerance. The presence of skin-specific antigens has 
been suggested as the reason why .some strains of mice, 
when made tolerant during the neonatal period, will 
reject skin grafts from the lymphocyte donor (Silvers, 
Wachtel and Poole, 1976).
(c) Tolerance in twins of other species
Limited studies of tolerance in chimaeric twins 
in man, marmosets and sheep have shown that skin grafts 
are readily accepted and survive for prolonged periods 
(Moore and Rowson, 1958; Woodruff and Lennox, 1959;
Slee, 1963; Porter and Gengozian, 1969).
1.5 CHIMAERAS AS IMMUNOLOGICAL TEST SYSTEMS
The concept of an immune system of one genotype 
developing in a host of a different genotype has been 
used to study aspects of the immune response.. These 
studies have been directed towards understanding the 
role of the major histocompatibility complex (M.H.C.) 
in cellular interactions in the immune response, the 
functional diversity of T lymphocytes and the role of 
the thymus in directing T lymphocyte functional specificity.
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The M.H.C. is a complex series of antigens found 
on all nucleated cells. These antigens were originally 
detected in the mouse where they were found to be 
relevant for tissue transplantation. Matching of 
histocompatibility antigens between animals resulted 
in enhanced survival of the transplanted tissue 
(reviewed by Klein, 1975). The M.H.C. of the mouse has 
been extensively studied and is referred to as the 
H-2 system. The H-2 complex in the IXth linkage group 
of the 17th mouse chromosome consists of the K, I, S and 
D regions,with K and D coding for the classical H-2 
transplantation antigens and S controlling some serum 
protein constituents including complement. The M.H.C. 
has been found in all animals studied including man, 
chicken, monkey, pig, rat, guinea pig, rabbit, dog, 
horse and cattle (Götze, 1977). In humans it is 
referred to as the H.L.A. system and in cattle as the 
BoLA system (Spooner et al, 1978; Caldwell, 1979;
Adams, 1980; Amorena and Stone, 1980).
A number of T lymphocyte functions in mice have been 
shown to be limited by the M.H.C.-coded antigenic 
structures on cells (Bevan, 1975; Miller, Vadas,
Whitelaw and Gamble, 1975; Doherty, Blanden and 
Zinkernagel, 1976; Shearer, Rehn and Schmitt-Verhulst, 
1976). This phenomenon is referred to as H-2 restriction 
By using semi-allogeneic bone marrow chimaeras of the 
type Fl+parent or parent-KFl, Bevan (19 77) and Zinkernagel 
et dl (1978) found that the cellular environment in which 
cytotoxic T lymphocyte precursors developed, influenced 
the ability of matured cytotoxic T lymphocytes to 
recognize virus-infected target cells in vitro. These 
studies suggested that a radiation-resistant portion of 
the thymus was responsible for teaching the maturing 
T lymphocyte to recognize only those cells bearing the 
same H-2K and H-2D antigens as were present in the thymus 
This concept of the development of H-2 restriction has 
also been extended to T lymphocytes involved in delayed-
20
type hypersensitivity reactions (Miller, Gamble, Mottram 
and Smith, 1979) and to T lymphocyte helper cells which 
interact with antigen-presenting cells and B lymphocytes 
in antibody production (Kappler and Marrack, 1978;
Sprent, 1978; Waldmann 1978). In these situations,
T lymphocytes involved in delayed-type hypersensitivity 
and T lymphocyte helper cells,are taught to recognize 
cell surface antigens coded by the I region of the H-2 
complex. Consequently, with immune responses which are 
under Irgene control, chimaeric non-responder 
T lymphocytes which have matured in a responder 
environment become phenotypic responders by learning to 
recognize responder H-2 products (la antigens) on the 
antigen-presenting cells and B lymphocytes, even though 
the non-responder T lymphocytes do not possess the 
responder allele(s) in their genome. Grafting of non­
responder animals with responder foetal thymus has shown 
that the thymus is responsible for this phenotypic 
alteration (Hedrick and Watson, 1979).
The mechanism by which chimaeric T lymphocytes 
acquire the ability to recognize foreign H-2 antigens in 
the thymus is not clear but it is presumed that this 
process involves the T lymphocyte "seeing" H-2 antigens, 
perhaps under the influence of thymic hormones, on the 
surface of some cell in the thymus. Two cell types have 
been proposed to have this role, thymic epithelial cells 
(Zinkernagel et dl , 1978; Jenkinson, Owen and Aspinall, 
1980) and thymic macrophages (Beller and Unanue, 1978; 
Longo and Schwartz, 1980).
While the original data on cytotoxic T lymphocytes 
supported the idea that self-recognition was learnt in 
the thymus, in other experimental systems it was found 
that recognition was either not dependent on the thymus 
type or that there was preference for the thymus type 
but not absolute commitment to it. (Matzinger and 
Mirkwood, 1978; Huing and Schimpl, 1979; Katz, Katz
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Bogowitz and Skidmore, 1979; Katz, Katz, Bogowitz and 
Bargatze, 1980; Lattime, Gershon and Stutman, 1980, 
Zinkernagel et dl,1980). For example, cytotoxic 
T lymphocytes in nude mice reconstituted with foetal 
or neonatal thymus grafts expressed restrictive specificity 
of the nude host and not the thymus. This apparent 
contradiction of H-2 restriction was also found in studies 
of helper T lymphocytes using radiation chimaeras. Tyan 
and McDevitt (1970) found that the phenotype of donor 
cells and not the host thymus genotype determined the 
immune response to synthetic polypeptide antigens. In 
nude mice grafted with an allogeneic or semi-allogeneic 
neonatal thymus, helper T lymphocyte histocompatibility 
recognition appeared to be genetically determined and 
there was no evidence that any learning process occurred 
(Kindred, 1980).
In conflict with the view that the thymus determines 
the restriction capacity of matured T lymphocytes, were 
the studies with fully-allogeneic bone marrow chimaeras. 
Stockinger, Pfizenmaier, Hardt, Rodt, Rollinghoff and 
Wagner (1980) provided evidence that H-2 restriction of 
trinitrophenyl or Sendai virus specific T lymphocytes 
was independent of the thymus type,but was dictated by 
the H-2 type of the antigen-presenting cells. By 
contrast, the self-recognition repertoire of helper 
T lymphocytes from fully allogeneic bone marrow chimaeras 
was specific for the recognition of host, not donor H-2 
determinants. Splenic T lymphocytes were only able to 
collaborate with cells expressing host H-2 determinants 
in the in vitro primary plaque-forming cell responses to 
trinitrophenyl-Keyhole Limpet haemocyanin (Singer,
Hathcock and Hodes, 1981).
Allophenic mice have been used to study immune 
responses to antigens which are controlled by Ir-genes 
in order to determine on which class of lymphocyte 
Ir-gene determinants are expressed,and whether T and B 
lymphocytes can co-operate across the histocompatibility 
barrier. Bechtol, Wegmann, Freed, Grumet, Chesebro,
22
Herzenberg and McDevitt (1974) made allophenic mice 
between high and low responders to (T,G)-A-L and found 
that high titres of both high responder and low responder 
allotype antibodies were produced. Subsequently 
however, Press and McDevitt (1977) reported that 
additional and more accurate analysis of the sera from 
these allophenic mice failed to detect any anti-(T,G)-A-L 
antibody of the low responder type, suggesting that high 
responder T lymphocytes were unable to co-operate with 
low responder B lymphocytes. Similar studies by Warner, 
Berntson, Eakley, Mclvor and Newton (1978) also 
suggested that T and B lymphocytes were unable to 
co-operate with one another across the histocompatibility 
barrier.
1.6 THE MAJOR HISTOCOMPATIBILITY COMPLEX AND DISEASE
RESISTANCE
Studies on the central segment of the H-2 complex, 
the I (immune response) region, have been of particular 
interest during recent years because it has become 
apparent that it plays a major role in the immune 
responsiveness to defined antigens. The I region \s 
also involved in other immunological phenomena including 
the mixed lymphocyte culture reaction, the graft-versus- 
host reaction and delayed-type hypersensitivity 
reactions (Shreffler and David, 1975). The I region was 
originally identified by McDevitt and Chinitz (1969) 
as the site of an immune response locus (Ir-1).
Subsequent studies demonstrated multiple closely linked 
loci that determine the capacity of mice of particular 
H-2 haplotypes to respond to particular antigenic 
determinants. Ir-genes are antigen specific, act in a 
dominant manner and have been described in considerable 
detail in inbred strains of mice and guinea pigs 
(Benacerraf and McDevitt, 1972)
Serologically defined la (immune associated) antigens 
are coded by the I region of the mouse H-2 system. Ia 
antigens are found on B cells, certain T cell populations,
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epidermal cells and macrophages (Hämmerling, 1976).
There is now evidence that the la molecules are the 
Ir-gene products that determine specific immune 
responsiveness to thymus-dependent antigens (reviewed 
by Benacerraf, 1981). The complex and specific series 
of events involving the antigen-presenting cell 
(macrophage), the T lymphocyte and the B lymphocyte 
are under the Ir-gene control. It is believed that 
antigen or antigen fragments are expressed on the 
surface of macrophages in association with la molecules.
This antigen-la complex is recognized by helper T 
lymphocytes which in turn interact with B lymphocytes 
and release specific lymphokines (Watson, 1981). These 
lymphokines assist B lymphocytes to produce specific 
antibody.
In spite of the current enthusiasm about Ir-genes,
it has yet to be established that they are important
in resistance to disease. Nevertheless, histocompatibility-
linked genetic control of specific immune responses have
been demonstrated to lymphocytic choriomeningitis virus
infection and viral leukemogenesis in mice (McDevitt,
Oldstone and Pincus, 1974). Resistance to Marek's
21disease in chickens has been associated with B allele 
of the M.H.C. (Longenecker, Pazderka, Gavora, Spencer 
and Ruth, 1976; Briles, Stone and Cole, 1977). In man, 
a wide variety of diseases, mainly of non-infectious 
type, have been associated with certain H.L.A. types 
(McDevitt and Landy, 1972; Dick, 1978; Braun, 1979).
Work is currently underway in several laboratories 
throughout the world examining the relationship between 
M.H.C. types and disease resistance of economically 
important domestic animals.
1.7 IMMUNE RESPONSES NOT ASSOCIATED WITH THE MAJOR
HISTOCOMPATIBILITY COMPLEX
Many studies in mice using antigens such as sheep 
red blood cells, ovalbumin, bovine a-chymotrypsin and
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mammalian myoglobulins have shown that immune responses 
are under polygenic control (Biozzi, Mouton, Santa'
Anna, Passos, Gennari, Reis, Ferreira, Heumann, 
Bouthillier, Ibanez, Stiffel and Siqueria, 1979). The 
immune responses may be controlled by non H-2 locus 
genes or by a combination of Ir-genes and non-H-2 locus 
genes (Young, Ebringer and Archer, 1978; Bergofshy,
1978; Young, 1979; Shultz and Bailey, 1975; Lubet 
and Kettman, 1978).
When various inbred mouse strains were studied for 
susceptibility to Leishmania donovanit it was found that 
C3H/HE were the most resistant and C57B1/6 the most 
susceptible and that resistance was controlled by a 
major autosomal dominant gene not linked to the H-2 
(Bradley, 1974). Studies with Trypanosoma cruzi 
(Trischmann, Tanowitz, Wittner and Bloom, 1978) with the 
same strains of mice revealed a reciprocal pattern of 
susceptibility and again resistance was controlled by 
non-H-2 genes. Resistance of mice to Trypanosoma congolense 
is also not H-2 linked (Morrison, Roelants, Major-Withey 
and Murray, 1978).
Studies on bacterial infections in mice including 
infection with Salmonella typhimurium} Corynebacterium kutscheri 
and Listeria monocytogenes have shown that resistance to 
these organisms is under polygenic control and not 
associated with genes of the M.H.C. (Hirst and Wallace, 
1976; Plant and Glynn, 1976; Cheers and McKenzie, 1978; 
Hormaeche, 1979a). In mice and man, associations have 
also been described between immunoglobulin allotypes and 
serum antibody levels in response to microbial and non- 
microbial antigens (Blomberg, Geckeier and Weigert, 1972; 
Pandey, Virella, Loadholt, Fudenberg, Kyong, Galbraith, 
Gotschlick and Parke, 1979; Whittingham, Mathews, 
Schanfield, Matthews, Tait, Morris and Mackay, 1980).
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It seems reasonable to expect that because bacteria 
and parasites contain complex antigens, immune responses 
to many of these organisms will be controlled by more 
than one gene and that these genes may or may not include 
genes of the M.H.C.
1.8 DISEASE RESISTANCE AND IMMUNE RESPONSIVENESS OF CATTLE
There are two major genetic lines of domestic cattle 
throughout the world, Bos taurus (European breeds) and 
Bos indicus (Zebu or Indian breeds). Although the history 
and origin of domesticated cattle is not clear, the two 
groups of cattle are classified as different species but 
they will interbreed readily. Recently, based on the 
examination of the polymorphism of 10 serum protein types, 
Manwell and Baker (1980) and Baker and Manwell (1980) 
concluded that there was evidence to support the 
contention that European and Zebu cattle could be 
classified as different species. Bos indicus cattle 
differ from Bos taurus in many anatomical, physiological, 
behavioural and production characters including the 
presence of a thoracic hump, differences in heat tolerance 
and adaption to harsh environments and differences in 
reproductive efficiency (reviewed by Franke, 1980;
Turner, 1980). The Bos indicus breeds in Australia are the 
Brahman, Red Sindhi and Sahiwal. The Brahman is an 
American breed developed during the last century from 
several breeds of Zebu cattle imported from the Indian 
subcontinent.
It is known that there are breed differences in the 
susceptibility of cattle to various diseases. Frisch 
(1975) and Dodt (1977) showed that the occurrence of 
bovine keratoconjunctivitis in north-eastern Queensland 
was far lower in Bos indicus (Brahman) and Bos •taurus X Bos 
indicus animals than in Bos taurus (Hereford and Shorthorn) 
animals and that the disease when it occurred was of 
shorter duration and of lesser severity in the Bos indicus 
cattle. The exact mechanism of resistance is not known
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but may be related to the greater ability of the
Bos indicus type to produce conjunctival antibodies to
the causative agent(s) of the disease. Banyard and
Morris (1980) showed that cattle of the Bos indicus type
were superior producers of specific antibody in the
tears following subconjunctival injection with the antigen
Keyhole Limpet haemocyanin.
Bos indicus cattle are more resistant than Bos taurus to 
infection with the cattle tick Boophilus microplus (Seifert, 
1971; Utech, Wharton and Kerr, 1978a) and other ticks 
such as Eaemaphysalis longicomus (Dicker and Sutherst, 19 81) 
It is known that the primary infection rate is similar 
in both Bos indicus and Bos taurus cattle but Bos indicus 
cattle have a superior ability to eliminate secondary 
infestations (Wagland, 1978). Despite intensive 
investigation, the exact mechanism(s) by which ticks are 
rejected is not known although at least part of the 
process is immunologically mediated (Roberts and Kerr, 
1976) and the potential of the host to acquire a 
particular degree of resistance is heritable (Hewetson, 
1972). Some individual or genetically-related Bos taurus 
animals have a high resistance to ticks and with selection 
herds of Bos taurus cattle can be developed with high 
resistance to the cattle tick (Utech, Seifert and 
Wharton, 1978b). Jersey cattle are more resistant than 
Guernsey, Australian Illawarra Shorthorn or Friesian 
cattle (Utech et al3 1978a) .
Differences in the anatomical and physiological 
features of the skin may be important in determining tick 
resistance. Significantly more arteriovenous anastomoses 
of the dermis, particularly of the neck, are present in 
tick resistant Bos taurus cattle than in Bos taurus cattle 
of low resistance (Schleger, Lincoln and Bourne, 1981).
There is evidence to indicate that susceptibility 
of cattle to African trypanosomiasis is under genetic 
control (Murray, Morrison, Murray, Clifford and Trail, 
1979) as indigenous N'Dama cattle, a Bos taurus type 
of Western Africa, are considerably less susceptible
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to trypanosomiasis than Bos indicus cattle or Bos taurus 
cattle introduced from Europe. Dargie, Murray, Murray 
and McIntyre (1979) found that the greater resistance 
of N'Dama cattle lay in their ability to limit the 
level and possibly the duration of parasitaemia rather 
than any special physiological capacity to produce red 
blood cells more efficiently in response to the 
destructive effect of the parasite. The mechanisms 
whereby the N'Dama cattle limit the extent of the 
parasitaemia are not known but it is suggested that 
it is immunologically mediated.
In relation to another haemoprotozoan disease, 
babesiasis, it has been shown that Bos indicus type cattle 
have a lower susceptibility to Babesia bovis than Bos taurus 
cattle while having equal susceptibility to Babesia bigerrrina 
(Daly and Hall, 1955; Johnston, 1967; Johnston, Leatch 
and Jones, 1978). The evidence indicating any difference 
in susceptibility to Anaplasma marginale is equivocal as 
some workers have claimed that Bos indicus breeds are more 
resistant (Callow, 1976) while others have shown that 
the two types of cattle are equally susceptible (Otim, 
Wilson and Campbell, 1980; Wilson, Parker and Trueman, 
1980).
In dairy cattle of Europe there is evidence for 
differences between and within breeds in the incidence 
of mastitis, metabolic diseases and reproductive 
problems (reviewed by Spooner, Bradley and Young, 1975) . 
Roy (1980) cited work indicating that Ayrshire and 
Jersey calves appear to be more susceptible than 
Friesians to enteric disease. There appears to be 
differences between breeds in the efficiency with which 
colostral immunoglobulins are absorbed by calves. Other 
studies indicate genetic differences with respect to 
antibody formation. Schultz, Dunne and Heist (1971) 
found that new-born Brown Swiss calves developed greater 
numbers of plaque-forming cells in response to
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inoculation with chicken red blood cells than Holstein- 
Friesian, Ayrshire or Guernsey calves. Genetic 
influences regulating the antibody response of young 
bulls to human serum albumin have also been reported by 
Lie (1977).
In summary, there is clear documented evidence of 
variations in disease resistance and immune responsiveness 
between breeds and strains of cattle, particularly between 
Bos taurus and Bos indicus to cattle diseases of the tropics, 
but little is understood of the mechanisms responsible 
for these differences.
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CHAPTER 2
MATERIALS AND METHODS
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2.i EXPERIMENTAL ANIMALS 
(a) Cattle
Experiments to produce Bos indicus - Bos taurus twin 
calves were done at the Australian National University's 
"Spring Valley" farm, Canberra and at the Queensland 
Agricultural College, Gatton. Multiparous non-lactating 
Friesian, Angus and Brahman cows were used as embryo 
donors and Friesian and Brahman cows as recipients at 
Canberra. Multiparous non-lactating Brahman and Red 
Sindhi cows were used as embryo donors and lactating 
Jersey cows as recipients at Gatton. Embryos for 
embryo-aggregation experiments were taken from Friesian, 
Angus and Friesian x Angus cows. These cows were held 
at C.S.I.R.O., Division of Plant Industry, Ginninderra 
Experiment Station, Canberra.
Frozen semen from Jersey, Brahman, Red Sindhi, 
Friesian and Angus bulls was purchased from artificial 
insemination centres. Semen from the same Red Sindhi, 
Friesian and Angus bulls was used in all experiments but 
it was necessary to use semen from 3 Brahman and 2 Jersey 
bulls.
The Canberra district was drought stricken for most 
of the 4 years during which the experiments were done. 
Donor and recipient cattle were grazed and their diet 
supplemented with oaten grain, lucerne and pasture hay.
(b) Sheep
Embryos were collected from Merino, Border Leicester 
and Dorset Horn x Merino ewes of mixed ages. Semen was 
collected from Merino and Border Leicester rams and 
these rams were also used for natural mating.'
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2 * 2 EMBRYO COLLECTION AND TRANSFER - CATTLE
(a) Treatment of donor and recipient cows
Superovulation was induced in donor cows by the 
intramuscular injection of 1,750 to 2,500 i.u. (usually 
2,000 i.u.) of pregnant mare serum gonadotrophin (PMSG) 
("Folligon", Intervet) between days 8 and 14 of the 
oestrous cycle (oestrus = day 0), followed 48 hours later 
by the intramuscular injection of 500 yg of cloprostenol 
("Estrumate", I.C.I.), an analogue of prostaglandin F2 alpha. 
Cows showing signs of oestrus 48 to 72 hours after the 
cloprostenol treatment were inseminated with two doses 
of semen 8 to 14 hours after the detection of oestrus 
and a third dose 8 to 14 hours later. Some of the 
Brahman cows were treated intravenously with 1,500 i.u. 
human chorionic gonadotrophin (HCG) ("Chorulon", Intervet) 
at the beginning of oestrus.
Twenty-four hours after donor cows were treated with 
PMSG, recipient cows were treated with 500 yg cloprostenol 
to induce oestrus synchronous with the donor cows.
Recipient cows for twinning experiments were inseminated 
with one dose of semen. Donor and recipient cows were 
inseminated with semen from bulls of the same breed as 
the cows.
(b) Embryo collection and transfer
Water and feed were withheld from donor and recipient 
cows for 24 hours prior to the collection of embryos and 
their transfer to recipients. Embryos were collected 
non-surgically 6 to 8 (mostly 7) days after oestrus using 
a two-way Foley catheter (Bard) as described by Eldsen, 
Hasler and Seidel (1976) and Shelton, Heath, Old and 
Turnbull (1979). The catheter, either 18 or 20 French 
gauge with a 30 ml balloon, was inserted just beyond the 
palpable bifurcation of the uterus. The balloon was 
inflated with 15 to 25 ml of air according to the size of 
the uterine horn. To facilitate the placement of the 
catheter, donor cows were tranquillized with 10mg
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acetylpromazine administered intramuscularly,and given 
an epidural anaesthetic (6-8 ml 2% lignocaine) to 
anaesthetize the rectum and perineum.
Approximately 800 ml of Dulbecco's phosphate buffered 
saline (DPBS) (Flow Labs.) containing 1% heat inactivated 
foetal calf serum (FCS) or cow serum and warmed to 37°C 
was used to flush each uterine horn. Flushing medium was 
collected into 400 ml sedimentation funnels fitted with 
rubber tubes and clamps as described by Elsden et dl 
(1976) . The funnels were allowed to stand for at least 
30 minutes before 20 to 30 ml portions were run off and 
examined for embryos with a stereomicroscope. Recovered 
embryos were washed free of cellular debris by aspirating 
and expelling the embryos several times with a pipette 
in DPBS (C.S.L., Melbourne) + 10% FCS. The embryos were 
held in this medium at 37°C until required for transfer. 
The interval between collection of embryos and their 
transfer to recipient cows varied from 2 to 6 hours.
The uterus of donor cows was irrigated with antibiotics 
after embryo collection.
Morphologically normal embryos (morulae and 
blastocysts) were transferred surgically to recipient cows 
by a flank laparotomy (Evans, Hesseltine and Kenney, 1979; 
Shelton, Heath, Turnbull and Old, 1980). The corpus 
luteum was detected by rectal palpation and for twinning 
experiments one embryo was transferred to the 
contralateral uterine horn of previously inseminated 
recipients. In the experiments designed to produce 
primary chimaeric calves, one to 3 injected blastocysts 
were transferred to the ipsilateral horn of recipient 
cows. Most recipients had been in oestrus synchronous 
with or within ± 12 hours of the donor cow but some had 
been in oestrus up to 48 hours before and 36 hours after 
the donor cow.
Recipients were tranquillized with 10 mg acetyl- 
promazine administered intramuscularly, and given a light 
epidural anaesthetic (2 ml 2% lignocaine). After the 
preparation of the skin for surgery the incision line was
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infiltrated with 2% lignocaine. Embryos were transferred 
to the uterus in 0.1 to 0.2 ml DPBS + 10% FCS using a 
plastic open-ended tom-cat catheter (Sherwood no. 7039) 
attached to a disposable tuberculin syringe. The 
catheter was introduced through a small puncture made 
into the uterine lumen with the blunt end of a suture 
needle. The puncture was made 2 to 4 cm from the 
utero-tubal junction and the catheter directed towards 
the oviduct before expelling the embryo. Recipients were 
treated post-operatively with parenteral antibiotics.
(c) Pregnancy examination
Recipients were examined for pregnancy by rectal 
palpation 7 to 8 weeks after oestrus. The diagnosis of 
twin pregnancy was limited to establishing whether each 
uterine horn was distended to a similar size as no attempt 
was made to define the amniotic sacs in case this 
jeopardised the pregnancy. Some cows were re-examined at 
irregular intervals after the first examination. Most 
cows were examined for twin pregnancy when 180 to 200 
days pregnant by palpating the right and left uterine 
arteries for size and presence of fremitus. Fremitus in 
one artery with a diameter of 10 to 15 mm and a lack of 
fremitus and a diameter of 3 to 6 mm in the other artery 
was interpreted as a single foetus on the side of the 
enlarged artery. Twin pregnancy was diagnosed when 
fremitus was present in both arteries and the arteries 
were of about equal size (10 to 15 mm).
(d) Preparation of glassware and collecting apparatus
for embryo collection
Glassware used for the collection and storage of 
embryos was thoroughly washed in heated distilled water 
containing 7X detergent, rinsed several times with 
single and then triple distilled water and heat sterilized. 
Foley catheters and connecting tubing were sterilized 
in boiling water and rinsed thoroughly in DPBS.
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2.3 EMBRYO COLLECTION - SHEEP
The oestrous cycles of ewes were controlled by 
inserting vaginal sponges containing 60 mg medroxyprogesterone 
("Repromap", Upjohn) for 13 to 17 days. Ewes were treated 
with 1000 i.u. PMSG intramuscularly 24 hours before the 
vaginal sponges were removed. Ewes were either inseminated 
surgically (Trounson and Moore, 1974a) with freshly 
ejaculated semen 48 hours after the sponges were removed 
or they were mated naturally.
Embryos were collected by exposing the uterus and 
oviducts by midline laparotomy,inserting polyethylene 
tubing (Dural Plastics, Dural, Australia, cat. no. SP70) 
into the oviduct and flushing 10 ml DPBS + 10% FCS through 
each uterine horn and oviduct into glass bowls (Hunter,
Adams and Rowson, 1955).
2•4 EMBRYO CULTIVATION ~ CATTLE AND SHEEP
Embryos were cultivated at 37.5°C under normal 
atmospheric conditions in sterile plastic tubes (Falcon 
Plastics No. 2003) containing approximately 2 ml of DPBS 
(C.S.L.) plus 20% heat inactivated foetal calf serum and 
20mg/litre kanamycin sulphate (C.S.L.). The medium was 
filtered through disposable filter units of 0.22 micron 
pore size ("Millex", Millipore Corp.). Foetal calf 
serum had been inactivated by heating at 56°C for 30 minutes.
2.5 EMBRYO AGGREGATION TECHNIQUES 
(a) Removal of the zona pellucida
A 0.5% w/v solution of proteolytic enzymes from 
Streptomyces gviseus ("Protease" Sigma) was prepared in DPBS, 
filtered and stored at -20°C.
Embryos were incubated in the enzyme solution in a 
sterile multi-well culture tray (Falcon Plastics No. 3008)
35
for up to 10 minutes, and on evidence of almost complete 
digestion of the zona, were removed and washed serially 
in four wells containing culture medium. Where the zona 
pellucida was only partially digested after 10 minutes 
incubation, its removal was attempted by carefully 
aspirating and expelling the embryo with a pipette whose 
internal diameter was slightly less than that of the 
embryo.
The following reagents were also used for studies 
of the digestibility of the zona pellucida. They were 
prepared in DPBS and the pH adjusted to 7.2:0.5%w/v 3 
glucuronidase (Sigma), 0.5% and 2.0% w/v trypsin 
(Difco), 1 unit/ml neuraminidase (Sigma), 0.5% w/v 
Chymotrypsin (Sigma), 0.5% w/v hyaluronidase (Sigma),
0.5% w/v papain (Sigma), 0.5% w/v collagenase (Sigma), 
0.5% w/v bromelain (Sigma), 0.05M sodium periodate 
(BDH, AnalaR Chemicals) , and 0.1M 2-mercaptoethanol 
(Sigma).
(b) Use of phytolectins to facilitate embryo aggregation
The method of using phytolectins was based on that 
described by Mintz, Gearhart and Guymont (1973). A vial 
of phytohaemagglutinin M (Difco) was reconstituted with 
5 ml of DPBS, filtered and stored at -20°C in 1 ml lots. 
The denuded embryos were cultivated together for
15 minutes in 0.4 ml phytohaemagglutinin added to 0.6 ml 
culture medium. The pairs of adherent embryos were 
carefully removed, washed once in culture medium and 
transferred to fresh medium in culture tubes.
Concanavalin A (Sigma grade IV) was added to culture 
medium at concentrations of 25mg/ml and 50mg/ml and 
filtered. Pairs of denuded embryos were cultivated for
16 to 20 hours in medium containing concanavalin A.
36
2.6 BLASTOCYST INJECTION TECHNIQUE
The technique for injecting inner cell mass cells 
into cattle blastocysts was adapted from the technique.- 
developed for mice (Gardner, 1978). The manipulative 
procedures were carried out in a room heated to about 
30°C.
(a) Embryos
Seven-day-old embryos (oestrus = day 0) were 
collected from Brahman, Friesian and Angus donors and 
cultivated overnight. They were subjected to 
micromanipulation and transfer to recipients the following 
day.
(b) Micromanipulation system
A Leitz micromanipulation system was used with a 
Laborlux II microscope. In addition to the right and left 
hand manipulators, a third manipulator (Narishige No. 5805) 
was mounted on the front left hand side of the manipulator 
base plate. This manipulator was used to manoeuvre the 
blastocyst holding-pipette which was connected to a 
micrometer syringe by plastic tubing filled with paraffin 
oil. The arrangement of the micromanipulation system is 
illustrated in Figures 2.1 and 2.2.
(c) Microinstruments
Microneedles, microhooks, holding and injection 
pipettes were made from 1 mm outside diameter Leitz 
capillary tubing with the aid of a Leitz electrode puller 
and a De Fonbrune microforge. Pipettes for holding 
blastocysts were pulled by hand to approximately 250 
microns outside diameter and broken perpendicularly.
They were heat polished to an internal diameter of 
approximately 50 microns. It was necessary that pipettes 
used to hold the blastocysts during the actual injection 
procedure be tapered over a length of 2.0 to 2.5 cm so 
that they could fit between the backward and forward- 
curved needles in the micromanipulation chamber. These
37
holding-pipettes were bent at approximately 45 degrees 
1 to 2 cm from the beginning of the taper to allow the 
pipette to be held above the left hand manipulator with 
the tapered shaft being directed horizontally into the 
micromanipulation chamber (Figure 2.2). Cell injection 
pipettes were made with an outside diameter of 40 to 45 
microns and an internal diameter of 20 to 25 microns.
Microinstruments were siliconized ("Repelcote", 
Hopkin and Williams) and sterilized with absolute alcohol 
immediately before use. Holding-pipettes were heat 
sterilized.
(d) Separation of cells from the inner cell mass
A blastocyst in DPBS + 10% FCS in a depression glass 
slide was held with a straight holding-pipette attached 
to the Narishige manipulator (Figure 2.1). Using 
microhooks attached to the right and left hand 
manipulators, the zona pellucida was removed, taking 
care not to puncture the blastocoel. The microhooks 
and the holding-pipette were removed and the microhooks 
replaced with straight needles for dissecting out the 
inner cell mass. These procedures were carried out at 
35x magnification.
The inner cell mass was transferred to a depression 
glass slide containing warm calcium and magnesium free 
Dulbecco's phosphate buffered saline with 0.25% EDTA, 
0.25% trypsin and 0.001% deoxyribonuclease. One hundred 
ml of the solution was prepared in 5 times distilled 
water from the following reagents:
NaCl (Mallinckrodt) - 0.8g
KCl (Mallinckrodt) - 0.02g
Na2HPO^ (anhydrous)(Ajax chemical,
analytical grade) - 0.115g
KH2PO^ (Mallinckrodt) - 0.02g
Na2 EDTA (BDH AnalaR Chemicals) - 0.25g
0.25g trypsin ■ - —  (Difco) and 0.001g deoxyribonuclease I 
(Sigma) were added and the solution filtered just before
use.
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Figure 2.1 The micromanipulation system for the
removal of the zona pellucida and dissection of 
the inner cell mass of cattle blastocysts. The 
blastocyst is held in a drop of culture medium 
in a depression slide by a holding-pipette which 
is controlled by the Narishige manipulator (A). 
The microhooks and microneedles are manipulated 
by the right and left hand Leitz manipulators.
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Figure 2,2 The micromanipulation system for
the injection of cells from the inner cell mass 
into cattle blastocysts. The Narishige 
manipulator is positioned above the left hand 
Leitz manipulator and controls the holding-pipette 
(A) which is introduced into the manipulation 
chamber between the backward and forward-curved 
needles (arrows). The cell injection pipette is 
controlled by the right hand manipulator.
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After incubation at 37°C for 10 to 15 minutes, 
the inner cell mass was disaggregated by gentle 
aspiration and expulsion with a pipette of internal 
diameter slightly less than the size of the inner cell 
mass. Disaggregated cells were washed in DPBS + 10% FCS 
and placed in an embryological watch glass containing 
DPBS + 20% FCS.
(e) Blastocyst injection
Inner cell mass cells and recipient blastocysts 
were placed in separate drops of DPBS + 10% FCS on a 
siliconized, heat sterilized coverslip which was attached 
to a Leitz micromanipulation chamber. The chamber was 
filled with paraffin oil ("Unidose", Colbar Pty. Ltd., 
Victoria). A holding-pipette and backward and forward- 
curved microneedles were introduced from the left hand 
side of the chamber and the cell injection pipette from 
the right hand side (Figure 2.2). The cell injection 
pipette was attached to a De Fonbrune suction and force 
pump with thick-walled plastic tubing filled with paraffin 
oil. The position of the Narishige manipulator was 
changed so that the holding-pipette could be introduced 
from the left side. The holding-pipette and its holder 
were attached to a horizontal steel rod supported above 
the left hand manipulator by the Narishige manipulator.
Up to 6 cells were injected against the inner cell 
mass of the recipient blastocyst by introducing the 
injection pipette through a slit made in the zona 
pellucida and trophectoderm with the backward and 
forward-curved needles. The injected blastocysts were 
returned to DPBS + 20% FCS at 37°C to await transfer to 
recipient animals. The blastocyst injection procedure 
was carried out at 100 x magnification.
Blastocysts were transferred to the uterine horn 
ipsilateral to the corpus luteum as described previously. 
The interval between embryo collection and transfer to 
recipients was 27 to 31 hours.
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2.7 CARE OF NEW-BORN CALVES
Pregnant cows were observed daily from 230 
to 276 days of gestation and thereafter were observed at 
approximately 4 hour intervals for signs of parturition.
At birth, the calves were weighed and if twins, the 
Brahman calf was removed from the cow, housed indoors 
in a heated enclosure, and hand-reared. Calves were fed 
stored colostrum for 48 hours, fresh cow's milk for 
2 to 3 weeks and milk replacer ("Denkavit") until 5 months 
of age. Most Jersey cows at Gatton which had twin 
pregnancies at 180 to 200 days gestation were transported 
to Canberra so that they could be supervised during calving.
2.8 EXAMINATION FOR FREEMARTINISM
The length of the vagina of all female calves was 
measured within 24 hours of birth with a glass sound. The 
genitalia of aborted female foetuses and female calves of 
heterosexual twins which died were also examined for 
developmental abnormalities.
2.9 DETERMINATION OF THE PROGESTERONE AND UNCONJUGATED 
OESTROGEN CONCENTRATIONS IN THE PLASMA OF PREGNANT 
COWS
Blood was collected from Brahman recipient cows 
by jugular venipuncture into heparinized containers at 
4 week intervals during gestation. The plasma was 
stored at -20°C until assayed. Samples were assayed 
only from those cows giving birth to twin calves or 
single calves from ipsilateral pregnancies.
(a) Progesterone
Plasma progesterone concentrations were determined 
by radioimmunoassay using the technique of Clarke (1976). 
Progesterone antiserum (361) was raised in sheep by the 
injection of the hemisuccinate of 11-ß-progesterone
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conjugated to bovine serum albumin. The antiserum 
cross-reacted with the following steroids: progesterone,
100%; 5a-0H-progesterone, 8.3%; 20a-OH-progesterone,
1.5%; lla-OH-progesterone, 4.6%; 113-OH-progesterone,
6.6%; 17a-OH-progesterone, 7.1%; 11-Keto-progesterone,
17.1%; pregnenolone, <0.1%; deoxycorticosterone, 21.1%; 
corticosterone, 9.7%; cortisol, <0.001%; oestradiol-173, 
<0.001%; androstenedione and testosterone, <0.1%.
(Clarke, 19 76) . Progesterone was extracted from plasma 
samples (0.2 ml) with distilled ri-hexane. Progesterone 
antiserum and [1,2,6,7- H] progesterone (The Radiochemical 
Centre) were added to tubes containing the extracted 
progesterone and incubated overnight at 4°C. Control 
tubes for non-specific binding and total counts were also 
set up. Test samples and controls were prepared in 
duplicate. After incubation at 4°C, the unbound3H-progesterone was separated by the addition of dextran- 
coated charcoal. The supernatant was added to 
scintillation vials containing scintillation fluid (5g 2, 
5-Diphenyloxazole per litre of xylene) and counted in a 
Packard liquid scintillation counter. The progesterone 
concentrations were read from a standard curve for 
progesterone and expressed as ng/ml plasma. The 
intra-assay coefficient of variation varied from 18.0% 
to 22.4% and the inter-assay coefficient of variation was 
26.6%. The sensitivity of the assay was 0.09 ±0.03 ng/ml.
(b) Unconjugated oestrogen
Plasma unconjugated oestrogen concentrations were 
determined by radioimmunoassay by the method of Baird,
Burger, Heavon-Jones and Scaramuzzi (1974). Oestradiol 
antiserum (029-14) was raised in sheep by the injection 
of the hemisuccinate of oestradiol-173 conjugated to 
bovine serum albumin. The antiserum cross-reacted with 
the following steroids: oestradiol-173, 100%; oestradiol-17a,
32%; oestrone, 35%; oestriol, 2% (Baird et al, 1974).
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Oestrogens were extracted from plasma samples (10 ml)
with anhydrous ethyl ether. Oestradiol antiserum and 
3[2,4,6,7(n)_ H] oestradiol (The Radiochemical Centre) 
were added to tubes containing the extracted oestrogens 
and incubated overnight at 4°C. Control tubes for 
non-specific binding and total counts were also set up. 
Test samples and controls were prepared in duplicate.3Unbound H-oestradiol was separated by dextran-coated 
charcoal and the supernatant was added to scintillation 
vials containing scintillation fluid (3g p-Terphenyl and 
0.lg 1,4-bis[2-(5-phenyloxazoly1)]-benzene per litre 
toluene mixed 2:1 with Triton X100) and counted in a 
Packard liquid scintillation counter. The unconjugated 
oestrogen concentrations expressed as oestradol-173 
were read from a standard curve for oestradiol-173 and 
expressed as pg/ml plasma. The intra-assay coefficient 
of variation varied from 11.7% to 22.4% and the inter­
assay coefficient of variation was 10.0%. The 
sensitivity of the assay was 10.02 ± 1.57 pg/ml.
2.10 SEPARATION OF PERIPHERAL BLOOD LYMPHOCYTES OF CATTLE
Jugular blood was collected with EDTA as an 
anti-coagulant (2 ml 2.7% EDTA plus 8 ml blood) and 
centrifuged at 1800G for 20 minutes at room temperature.
The buffy coat was removed and diluted 1:1 with phosphate 
buffered saline and 6 to 8 ml layered over 4 ml of 
Isopaque-Ficoll (SG 1.076-1.078) in a 15 ml glass 
centrifuge tube. Isopaque-Ficoll was prepared by adding 
10 parts 32.8% sodium metrizoate (Nyegaard & Co., A/S,
Oslo, Norway) to 24 parts 9% Ficoll made from an aqueous 
solution of Ficoll 400 (Pharmacia, Uppsala, Sweden).
The tube was centrifuged at 1200G for 20 minutes at 
room temperature and cells at the Isopaque-Ficoll 
interface were removed, washed in Hanks' B.S.S. containing 
0.075% disodium-EDTA and centrifuged at 100G for 10 minutes.
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This procedure was repeated a further 3 times, the final 
wash being in Hanks' B.S.S. without EDTA. Contaminating 
red cells were lysed with a solution consisting of 0.8% 
NH^Cl, 0.1% Na^ EDTA and 0.01% KH2PO4 in distilled water. 
The cell pellet was suspended in 3 ml of red cell lysing 
solution for one to 2 minutes or until lysis had occurred. 
The volume was made up to 10 ml with Hanks' B.S.S. and 
centrifuged immediately.
2.H  TECHNIQUES INVOLVING LYMPHOCYTE CULTIVATION 
(a) Lymphocyte culture medium
One litre of culture medium was prepared as follows
10 g Dulbecco's modified Eagle medium (Gibco,
Grand Island, New York)
3.7 g sodium bicarbonate 
10 ml 1.0 M Hepes buffer 
1 ml 0.1 M 2-mercaptoethanol 
100,000 i.u. penicillin 
100 mg streptomycin 
100 mg neomycin sulphate
100 ml heat inactivated foetal calf serum 
889 ml triple distilled water
Culture medium was filtered in a 0.20 micron 
disposable filter unit (Nalgene, New York).
(b) Lymphocyte karyotyping
Lymphocytes were obtained from peripheral blood or gefferent lymph and adjusted to a concentration of 5 x 10 
cells/ml in lymphocyte culture medium. Fifty yl 
phytohaemagglutinin M (Difco) or 50 yl 2 mg/ml concanavalin A 
(Sigma) was added to 10 ml of cell suspension and incubated 
at 37°C in a humidified atmosphere of 1%0 ^, 10%CC>2, 83%N2 
in a tissue culture flask (Falcon Plastics cat. no. 3013)
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or a multi-well tissue culture plate (Linbro cat. no. 
76-047-05). After 48 to 72 hours of cultivation, 0.1 ml 
of 0.008% w/v colchicine (Fluka) in distilled water was 
added to the cultures which were incubated for a further 
90 minutes.
The cell suspension was centrifuged at 100G for 
10 minutes, suspended in 15 ml of 0.075 M KC1, allowed to 
stand for 20 minutes at room temperature and then 
centrifuged at 150G for 10 minutes. All except 0.5 ml 
of the supernatant was discarded and at least 3 ml of 
fresh fixative (methanol:acetic acid, 3:1) was layered 
onto the contents of the tube after which the pellet was 
suspended and centrifuged at 150G for 10 minutes. The 
pellet was washed in fixative as before, centrifuged and 
suspended in 1 to 2 ml of fixative.
Glass slides were cleaned by heating in 7X detergent 
solution, washed in tap water and stored under methanol. 
Before use, slides were washed in fixative, cleaned and 
warmed to 37°C. Two or three drops of cell suspension 
were obliquely layered onto the slides, air dried, 
stained with 2% aceto-orcein and examined under oil. At 
least 100 metaphase spreads were examined.
(c) Mixed lymphocyte culture
The one way mixed lymphocyte culture method used was 
adapted from the technique for cattle described by Emery 
and McCullagh (1980c).
Lymphocytes were separated from peripheral blood and 
£adjusted to 5 x 10 cells/ml in lymphocyte culture medium. 
Cells to be used as stimulators were exposed to 1500 rad
r agamma irradiation from a Co source and 0.1 ml each of 
stimulator and responder cells were added to wells of a 
sterile tissue culture plate (Linbro cat. no. 76-003-05) . 
For an autologous control, irradiated responder cells were 
cultivated with responder cells and for responder control,
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responder cells were cultivated with irradiated cells from
an unrelated animal. The test was set up in triplicate
and the cultures incubated at 37°C in a humidified
atmosphere of 7%010%CO2 and 83%^ for 6 days.
Preliminary experiments on the influence of the duration
of culture on extent of cell proliferation in the mixed
lymphocyte culture showed that maximum proliferation
occurred on the sixth day of culture rather than the
fourth day as found by Emery and McCullagh (Figure 2.3).
To assess cell proliferation, 1 yCi of methyl-tritiated 
3thymidine ( H-thymidine, The Radiochemical Centre) in 
20 y1 of Hanks' B.S.S. was added to each well 18 hours 
before the end of the culture period. After incubation, 
the cultures were harvested with a multiple sample 
harvester (Biological Associates, USA) using distilled 
water to wash the cells from each well onto glass fibre 
filter paper (Whatman GF/A grade).
Each filter paper was added to 8 ml of scintillation 
fluid (5 g 2, 5-Diphenyloxazole per litre of xylene) and3the extent of incorporation of H-thymidine was measured 
in a Packard liquid scintillation counter. Results were 
recorded as counts per minute per culture.
2.12 CRYOPRESERVATION OF BOVINE PERIPHERAL BLOOD LYMPHOCYTES
Lymphocytes were separated from peripheral blood and
£suspended at a concentration of 8 to 12 x 10 cells/ml 
in lymphocyte freezing mixture which had been cooled to 
4°C. The freezing mixture consisted of lymphocyte culture 
medium supplemented with 30% FCS and 10% dimethyl 
sulphoxide (DMSO) (Mallinckrodt). The cell suspension was 
dispensed into 2 ml plastic vials and frozen using a 
Linde BF-6 controlled rate freezer (Union Carbide). The 
cells were frozen at -1°C per minute from 4°C to -50°C 
and -2.5°C per minute to -100°C. They were stored in the 
vapour phase of a liquid nitrogen storage container.
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Figure 2.3 Influence of the duration of
cultivation on the extent of cell proliferation 
in the mixed lymphocyte culture as measured by3the uptake of H-thymidine. Results expressed 
as mean ± S.E. of triplicate cultures of 
6 allogeneic combinations from 4 calves 9 months 
of age.
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The cells were thawed rapidly by immersion in water 
at 37°C and transferred to an ice-cold centrifuge tube.
A dilution procedure to remove the DMSO was adapted from 
that described by Holden, Oldham, Ostaldo and Herberman 
(1976). Initially, 0.1 ml of ice-cold lymphocyte culture 
medium was added and this addition was repeated every 
minute, doubling the added volume until the volume of 
the cell suspension was 5 ml. After a 10 minute pause, 
the dilution was resumed by the successive addition of 
1 ml portions of lymphocyte culture medium until the 
volume was 10 ml. The cells were spun at 150G for
10 minutes and washed once more in lymphocyte culture 
medium. The viability of the recovered cells was 80 to 
90% as assessed by trypan blue dye exclusion.
2.13 MICROLYMPHOCYTOTOXICITY TEST
The microlymphocytotoxicity test for cattle developed 
by Adams (1980) was used. One yl of peripheral blood 
lymphocytes at a concentration of 2 x 10 cells/ml in 
Hanks' B.S.S. was added to 1 yl test serum in a microtest 
tray. The wells of the tray were covered with paraffin
011 to prevent dehydration. After incubation at room 
temperature for 30 minutes, 5 yl of rabbit serum as a 
source of complement was added; following a further one 
hour's incubation, 2 yl 5% eosin-Y dye was added to 
stain the dead cells followed by 5 yl of formaldehyde 
(pH 7.2) as a fixative. The tests were examined by 
phase-contrast and the number of dead cells assessed. 
Non-cytotoxic serum from a steer was used in place of 
test serum as a control for non-specific cell death. This 
was usually less than 10%. Test serum and control steer 
serum had been heat inactivated at 56°C for 30 minutes.
2.14 DETERMINATION OF LYMPHOID CHIMAERISM USING 
LYMPHOCYTOTOXIC ALLOANTISERA
(a) Production of alloantisera
Lymphocytotoxic alloantisera were raised against 
lymphocytes of bulls used for insemination of recipient 
and donor cows in the embryo transfer programmes. Heifers
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and steers 6 to 12 months of age were injected with74 x 10 peripheral blood lymphocytes at weekly intervals 
for four weeks. The first two doses were given 
intravenously and the second two intramuscularly. Fresh 
lymphocytes were used for the first dose and cryopreserved 
lymphocytes were used for the remaining 3 doses. Seven 
days after the last injection, serum was collected, heat 
treated at 56°C for 30 minutes and stored at -20°C. These 
alloantisera varied in titre from l/2 to /32 when 
measured with an endpoint of 100% killing of bull 
lymphocytes in the microlymphocytotoxic test.
(b) Preparation of alloantisera
For each set of twins, single-born calves and putative 
primary chimaeric calves, the Bos tauvus bull alloantiserum 
was checked for cross-reactivity against lymphocytes from 
the Bos indicus bull and cow using the microlymphocytotoxicity 
test. Similarly, the Bos indicus bull alloantiserum was 
checked against lymphocytes from the Bos taurus bull and 
cow. Where cross-reactivity existed, alloantisera were 
made specific by incubating one part of packed peripheral 
blood lymphocytes with two parts of alloantisera for »
30 minutes at room temperature. Absorbed alloantisera 
were checked for reactivity and where necessary, 
absorptions were repeated to remove all cross-reactivity.
The absorbed alloantisera were checked against the bull's 
lymphocytes to ensure specific activity still remained.
(c) Testing for chimaerism
The test was based on the microlymphocytotoxicity 
test. Ten yl of peripheral blood lymphocytes or efferentg
lymphocytes (2 x 10 cells/ml in Hanks' B.S.S.) were added 
to 10 yl of alloantiserum under paraffin oil in a multi­
well tissue culture tray (Linbro cat. no. 76-003-05).
After 30 minutes incubation at room temperature, 10 yl 
of rabbit serum was added followed one hour later by 5 yl 
5% eosin-Y and 12.5 yl formaldehyde.
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The test was set up using both Bos indicusand Bos taurus 
bull alloantisera with controls for non-specific killing 
by rabbit serum and the alloantisera. At least 500 cells 
were counted from each test well in a haemocytometer under 
phase-contrast and the percentage of cells killed by 
each bull's alloantiserum determined by the following 
calculation:-
percentage cells killed by alloantiserum + complement - 
percentage killed by alloantiserum control*
_ ___________________________________________________  X 100
100 - percentage killed in alloantiserum control*
*or percentage killed in complement control, 
whichever was greater.
If chimaeric, the additive value of the percentage 
Bos taurus and Bos indicus lymphocytes was usually 100 ± 5%.
To compensate for this slight discrepancy, the percentage 
Bos indicus chimaerism was calculated as the mean of the 
percentage of cells killed by the Bos indicus alloantiserum 
and percentage not killed by the Bos taurus alloantiserum.
A similar calculation was made for the percentage Bos taurus 
chimaerism.
2 • 15 CANNULATION OF EFFERENT LYMPHATICS OF THE PREFEMORAL 
LYMPH NODE IN CATTLE
The efferent lymphatics of the prefemoral lymph node 
were cannulated in calves between 8 and 16 months of age. 
The cannulae used were made from clear vinyl tubing 
(Dural Plastics). As the calibre of efferent lymphatic 
vessels varied in different animals, a range of cannula 
sizes were prepared in advance. The sizes most commonly 
used were of internal diameter 0.58 mm, outside diameter 
0.96 mm, (cat. no. SV45) and internal diameter 0.8 mm, 
outside diameter 1.2 mm (cat. no. SV55). To assist in 
anchoring the cannula in the duct, a 1 mm cuff of vinyl 
tubing was welded to the cannula with cyclohexanone about 
3 cm from one end.
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The prefemoral lymph node is superficial and is 
located subcutaneously between the middle and ventral 
thirds of the flank. It is related caudally to the 
anterior border of the tensor fascia latae muscle and 
lies on the aponeurosis of the external abdominal 
oblique muscle.
Water and feed were withheld for 24 hours before 
surgepy. Anaesthesia was induced with thiopentone 
sodium (lg/90kg body weight) and the animal intubated 
and maintained under anaesthesia with halothane. A 
15 cm skin incision commencing 9 cm dorsal and 2 cm 
posterior to the lymph node was made along the anterior 
border of the tensor fascia latae muscle. The underlying 
fascia was dissected and the muscle reflected caudally 
to expose the fascial sheet in which between one and 
11 efferent lymphatics draining dorso-caudally from the 
node,were located in association with the posterior 
branches of the circumflex iliac artery and vein and the 
lateral cutaneous nerve of the thigh. The lymphatics 
were ligated with 5/0 (metric) silk and a suitable duct 
selected and carefully cleaned of connective tissue for 
1.5 to 2.0 cm ventral to the ligature. The duct was 
incised with iridectomy scissors. A cannula filled with 
heparinized saline and its end bevelled at about 45° 
was inserted 1.0 to 1.5 cm, secured with two 5/0 silk 
sutures and passed through the tensor fascia latae 
muscle and the skin at a point between the tuber coxae 
and hip in line with the direction of the duct. If a valve 
hindered the introduction of the cannula, a small 
aneurysm needle was inserted into the duct and the valve 
broken down. Just before the cannula passed through the 
tensor fascia latae muscle, it was secured to the fascia 
by a third 5/0 silk suture immediately dorsal to the cuff.
The fascia was sutured with 2 rows of continuous 3.5 
(metric) catgut sutures and the skin: closed with silk 
mattress sutures. The cannula was attached to the skin
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at 2 points by 5/0 silk sutures. The animals were removed 
to individual stalls after recovery from anaesthesia and 
treated post-operatively with antibiotics. Figure 2.4 
illustrates a chimaeric Friesian calf (SV24) in which 
a right prefemoral efferent lymphatic has been cannulated.
Lymph was collected into a 250 ml plastic tissue 
culture flask containing 2,000 i.u. heparin in 0.5 ml 
saline which was tied to a holder attached to the skin 
anterior to the prefemoral lymph node. Collecting 
flasks were changed 4 times each 24 hours at standard 
times. The volume of each lymph collection was measured 
and the total number of lymphocytes and the proportion of 
large lymphocytes determined with a Coulter counter. The 
respective thresholds for total and large lymphocytes 
were calculated from total cell counts obtained from a 
haemocytometer and differential counts from stained smears,
2 . ].6 ANTIGENS
Keyhole Limpet haemocyanin (KLH) (slurry in 65% 
ammonium sulphate, Calbiochem) , ovalbumin (Grade V, Sigma) 
and crude extracts from adult cattle ticks Boophilus 
microplus were used as antigens to study the immune 
response. The antigens were injected subcutaneously 
5 cm anterior to the prefemoral lymph node. The animals 
were lightly tranquillized with 0.25 to 0.75 ml Rompun 
20 mg/ml (Bayer) so as to enable the injection of the 
antigen to be accurately placed.
Primary challenges with 90 mg KLH were given 100 to 
120 hours after surgery. Secondary challenges with KLH 
(also 90 mg) were given 12 to 14 days later. Studies of 
the immune response to ovalbumin and tick antigens were 
done after the secondary KLH immune response was completed 
Primary challenge with ovalbumin (20 to 100 mg in 2 ml 
normal saline) was given 10 to 12 days after the secondary
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Figure 2.4 A chimaeric Friesian calf (SV24) in 
which an efferent lymphatic of the right 
prefemoral lymph node has been cannulated.
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challenge with KLH and the secondary challenge (100 mg 
ovalbumin) was given 14 days later. Only the secondary 
response of the prefemoral lymph node to challenge with 
tick antigen was studied. Animals were sensitized by 
an intramuscular injection into the gluteal muscles of 
45 mg tick antigen in Freund's incomplete adjuvant.
Fourteen days later, the prefemoral lymph node was 
challenged with 45 mg tick antigen in 2 ml normal saline.
2.3-7 PLAQUE-FORMING CELL ASSAY TO DETECT ANTI-KLH ANTIBODY- 
PRODUCING CELLS
The Cunningham method for the direct assay of antibody- 
producing cells was used (Dresser, 1978). This method 
detects lymphocytes producing IgM.
(a) Indicator cells
Sheep red blood cells were obtained from a Border 
Leicester ewe and stored in Alsever's solution for up 
to 6 days. The same ewe was used as a source of cells 
for all assays. Sheep red blood cells were coated with KLH 
using tannic acid as described by Herbert (1978) and 
prepared for use as a 25% suspension. A solution of 
2 mg/ml KLH in normal saline was used for coating the 
indicator cells. Uncoated cells were also prepared for 
use in controls. Sufficient coated cells were prepared 
for 3 days of assays at one time as it was found that 
cells could become contaminated with bacteria if prepared 
and stored for longer periods.
(b) Complement
Guinea pig serum was used as a source of complement. 
Serum was absorbed against sheep red blood cells on ice 
for 5 minutes (1 part packed sheep red blood cells : 20 
parts serum) to remove anti-sheep red blood cell antibody. 
The serum was stored in 0.1 ml lots at -20°C.
(c) Assay
Prefemoral lymph was assayed twice daily during the 
period 24 to 120 hours after challenge and then once daily
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until antibody-forming cells were no longer detected.
A fresh lymph sample was collected into heparinized 
saline and assayed at a standard interval (30 minutes) 
after collection. Lymphocytes were washed once in 
Hanks' B.S.S. and adjusted to a concentration of 
0.5 x 10 cells/ml in lymphocyte culture medium. Forty 
yl KLH coated sheep red blood cells, or uncoated cells 
for control, 40 yl complement and 340 yl lymphocyte 
suspension were mixed together. Cunningham slide 
chambers were made from microscope slides which had been 
soaked overnight in chromerge and 85 yl of cell 
suspension were added to each of the 4 chambers. The 
chambers were sealed with a mixture of hot paraffin wax/ 
vaseline (2:1) and incubated at 37°C for 45 minutes. 
Chambers were examined for plaques at lOOx magnification.
The number of antibody-producing cells was calculated 
from the number of plaques in test chambers minus the 
number in control chambers.
2.18 STATISTICS
The Fisher's "F" test and the Student's "t" test 
were used for the statistical analysis of the data.
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CHAPTER 3
THE PRODUCTION OF MIXED-SPECIES
BOS INDICUS-BOS TAURUS TWIN CALVES
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A. INTRODUCTION
It has been suggested that it might be possible by- 
embryo transfer to produce haemopoietic chimaeric twins in 
sheep (Slee, 1963) and cattle (Rowson, 1971) composed of 
cells from breeds of widely differing productive characters.
It was envisaged that because these chimaeric twins would be 
mutually tolerant of each others tissues, the transfer of 
tissues, for example skin between sheep showing different 
wool growth patterns, or mammary tissue between cows of high 
and low milk production, would assist in the understanding of 
reasons for the difference in these production characters.
The experiments on sheep suggested by Slee (1963) have not been 
done because of the low incidence of natural chimaerism in 
sheep twins. Rowson and Newcomb (1976) did produce mixed-breed 
Hereford-Friesian male twins for an experiment to determine if 
germ cell chimaerism occurs in cattle twins by studying the 
phenotypic characters of the progeny of the bull calves.
The experiments reported in this chapter were undertaken 
to produce mixed-species Bos indicus-Bos taurus twin calves 
with the aim of obtaining haemopoietic chimaeric calves with 
Bos indicus and Bos taurus lymphocyte populations. Later chapters 
describe the characterization of the chimaeric state of these 
calves and a study of their immune responsiveness.
ß. RESULTS
3•1 COMPARISON OF RESULTS OF PMSG TREATMENT IN BOS INDICUS AND
BOS TAURUS COWS
Bos indicus cows were found to be generally poorer 
responders to PMSG treatment than Bos taurus cows in terms of the 
number of normal embryos recovered per cow treated (Table 3.1). 
The outstanding feature of the ovarian response in Bos indicus 
cows was the high proportion of animals which had large numbers 
of unovulated follicles. Treatment with human chorionic 
gonadotrophin (HCG) at the beginning of oestrus reduced the 
number of unovulated follicles and increased the number of
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normal embryos recovered to a level comparable with Bos taurus 
cows treated with PMSG alone.
3.2 ESTABLISHMENT AND SURVIVAL OF BOS INDICUS-BOS TAURUS 
TWIN PREGNANCIES
(a) Pregnancies at 7 to 8 weeks
Bos indicus embryos were transferred to the contralateral 
uterine horn of 63 Bos tauvus cows which had been previously 
inseminated with Bos tccurus semen. At 7 to 8 weeks (Table 3.2), 
33 (52.4%) were diagnosed pregnant and of the 27 cows in which 
the location and number of foetuses were recorded, 17 (51.5%) 
were carrying twins, 9 had an ipsilateral single foetus and 
one a contralateral single foetus.
Bos taurus embryos were transferred to the contralateral 
uterine horn of 49 Bos indicus cows which had been previously 
inseminated with Bos indicus semen. At 7 to 8 weeks (Table 3.2), 
31 (63.3%) were pregnant of which 21 (67.7%) were carrying 
twins, 8 had an ipsilateral single foetus and 2 had a contra­
lateral single foetus.
(b) Pregnancies at 26 to 28 weeks
Table 3.3 shows the losses that occurred in single and 
twin pregnancies between 7 to 8 and 26 to 28 weeks of 
gestation. In the Bos taurus cows, 11 of 17 twin pregnancies 
survived to 26 to 28 weeks, 4 twin pregnancies failed com­
pletely and 2 were reduced to a single foetus, one an ipsi­
lateral pregnancy and the other a contralateral pregnancy. 
Seven of the 10 single pregnancies survived to 26 to 28 weeks.
In the Bos indicus cows, 9 of 21 twin pregnancies 
survived to 26 to 28 weeks, 6 twin pregnancies failed com­
pletely and 6 were reduced to a single foetus, of which 5 
were ipsilateral and one contralateral. Seven of the 10 
single pregnancies survived to 26 to 28 weeks.
(c) Calving rates
Table 3.3 shows the calving rates in the Bos taurus and 
Bos indicus cows. Of 17 Bos taurus cows with twin pregnancies at
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7 to 8 weeks, 8 produced twin calves and 2 produced single 
calves, one of which was the transplanted embryo. Figure 
3.1 illustrates a Jersey cow with her Jersey and Brahman 
twin calves. Of the 10 Bos tauvus cows with single pregnan­
cies at 7 to 8 weeks, 2 were diagnosed as twin pregnancies 
at 26 to 28 weeks and one subsequently produced twin calves. 
Five of the remaining 8 cows produced singletons. Six Bos 
tccurus cows in which the location and number of foetuses 
was not recorded at 7 to 8 weeks gestation gave birth to 2 
sets of twins and four single calves, one of which was the 
transplanted embryo.
Of 21 Bos indicus cows with twin pregnancies at 7 to 8 
weeks,9 produced twin calves and 6 had single calves, one of 
which was the transplanted embryo. One of the 10 Bos indicus 
cows diagnosed as having a single foetus at 7 to 8 weeks was 
found subsequently to have a twin pregnancy at 26 to 28 weeks. 
She gave birth to twin calves. Six of the remaining 9 cows 
gave birth to single calves, of which 3 were from trans­
planted embryos.
The foetal losses which occurred between 7 to 8 weeks 
and 26 to 28 weeks of gestation are presented in Table 3.4 
and shows that in both Bos tccuvus and Bos indicus cows the 
number of foetuses lost were similar in both twin and ipsi- 
lateral pregnancies; the losses in Bos indicus cows were 
greater in both classes of pregnancy. Pregnancies initially 
diagnosed as being single and subsequently found to be twins 
at 26 to 28 weeks were not included in the calculation of 
foetal losses. Details available as to the stage of preg­
nancy when foetal loss occurred are given in Table 3.5. All 
the losses after 26 to 28 weeks of gestation were in Jersey 
cows with twin foetuses. Two cows aborted, one at 30 weeks 
gestation while being transported to Canberra, the other at 
35 weeks gestation. Two cows died, one of undetermined 
causes at 34 weeks and the other became cast and died at 38 
weeks gestation with some evidence that parturition had 
begun.
In summary, 64 (57.1%) of the 112 recipient cows were 
diagnosed pregnant at 7 to 8 weeks; 44 (68.8%) of these 
calved giving 21 sets of twin calves and 23 single calves.
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Figure 3.1 A Jersey cow with her Jersey and Brahman 
twin calves.
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(d) Duration of gestation
Table 3.6 shows the length of gestation for single 
(pooled for calf sex) and twin pregnancies in Bos taurus and 
Bos indicus cows. The single Brahman calf born out of a Jersey 
cow and the single Friesian and Angus calves born out of 
Brahman cows were contralateral pregnancies. The other 
single calves were ipsilateral pregnancies. While some 
groups are too small for their data to be meaningful several 
points are clear. Single Brahman calves have a longer 
gestation than single Jersey calves (296.2 versus 281.9 days) 
or single Friesian calves (286.0). The gestation length of 
Jersey-Brahman twins in Jersey cows is the same as for 
single Jersey calves in Jersey cows (281.9 days) and 
Friesian-Brahman twins in Brahman cows have a gestation 
length (282.3 days) similar to single Friesian calves in 
Friesian cows (286.0 days).
(e) Order of birth
The Bos taurus calf was born first in 11 of the 13 twin 
births where the order of birth was known. The Bos indicus 
calf was born 15 minutes to one hour after the Bos tccuvus 
calf in cases where delivery was not assisted.
3.3 BIRTH WEIGHTS OF TWIN AND SINGLE CALVES
The data on birth weights are shown in Table 3.7. As 
there was no significant difference in the mean birth weights 
of Brahman calves born as a twin out of a Jersey, Brahman 
or Friesian cow, or of Friesian calves out of a Brahman or 
Friesian cow, the data are presented without reference to 
the cow breed. In all three breeds, calves born as twins 
had a significantly lower birth weight compared with single 
born calves (Fisher's F test, Jerseys p<0;05, Brahman 
p<0.01, Friesian p<0.05). The difference was most marked 
in Brahman calves born as twins which were about 30% 
lighter than Brahman singletons.
3.4 SURVIVAL OF NEWBORN TWIN CALVES
Initially, cows with twin pregnancies were allowed to 
calve without supervision but the losses due to stillbirths
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or neonatal death of the Brahman twin were unacceptable.
It was therefore necessary to adopt a regime of daily 
observation of pregnant cows from day 230 to day 276 of 
gestation and thereafter, the cows were observed at 
approximately 4 hour intervals for signs of parturition. 
Jersey cows in which twin pregnancies were diagnosed at
180 to 200 days gestation were transported from the 
Queensland Agricultural College to Canberra so that they 
could be closely observed at calving. Unlike the 
Bos taurus twin calves or single Brahman calves which were 
alert, standing and feeding within one hour of birth, 
the Brahman calves born as a twin were weak and unable 
to stand or feed and frequently had respiratory distress. 
Most calves were born from July to November (winter and 
spring) and unless Brahman twins were removed immediately 
from the cows and housed indoors in a heated enclosure, 
they were unable to maintain normal body temperature.
Their temperature would fall below 35°C within one hour 
of birth, unless they were warmed artificially. Although 
respiratory distress would last only a few hours, calves 
exposed to the cold would take up to 72 hours to regain 
normal rectal temperature and sufficient strength to stand 
and feed vigorously. Of the 21 sets of twins born, both 
calves from 2 sets were either born dead or died within 
24 hours and the Brahman calf of a further 3 pairs was 
either born dead or died within 24 hours.
3.5 RETAINED PLACENTA
Nine cows (all twin-bearing) had retained placentae 
72 hours post-calving which required manual removal and 
antibiotic treatment.
3.6 PROGESTERONE AND UNCONJUGATED OESTROGEN CONCENTRATIONS 
IN THE PERIPHERAL PLASMA OF BRAHMAN COWS GIVING BIRTH 
TO TWIN AND SINGLE CALVES
The results of the analysis of progesterone and 
unconjugated oestrogen in the peripheral plasma of Brahman
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cows giving birth to twins and single calves from an 
ipsilateral pregnancy are shown in Table 3.8. There 
was a trend for progesterone concentrations to be 
higher in cows with twins but the differences were 
statistically significant only at 8 and 36 weeks of 
gestation (Student's "t" test p<0.05). Plasma samples 
taken at 4, 24 and 36 to 39 weeks of gestation were 
assayed for unconjugated oestrogen but the 
concentrations were not significantly different in the 
two groups of cows.
C. DISCUSSION
The results of this study have demonstrated for the 
first time that mixed-species Bos indicus-Bos taurus twin 
calves can be produced by surgically transferring day 6 
to 8 Bos taurus embryos to inseminated Bos indicus recipients 
and Bos indicus embryos to inseminated Bos taurus recipient 
cows. It is evident that there is no barrier to the 
successful establishment and maintenance of single 
allogeneic pregnancies in cattle as shown by the 
thousands of calves produced annually at commercial embryo 
transfer units throughout the world where the surrogate 
mother is frequently of a different breed to the 
transferred embryo (Seidel, 1981). The birth of mixed- 
species Bos indicus-Bos taurus twin calves has demonstrated 
that a Bos indicus foetus is able to survive in a Bos taurus 
recipient and vice versa and that foetuses of different 
species and of widely different genotype are able to 
develop together within the same uterus. Previously it 
has been demonstrated in sheep that embryos can be 
transferred successfully between widely differing breeds 
(Hunter et alt 1955; Moore, 1968) and species of sheep 
(Bunch, Foote and Whitaker, 1977) and that mixed-breed 
twin lambs can be successfully produced (Anderson, Bradford 
and Cupps, 1981).
In this study, embryo collection from Bos indicus cows 
presented special problems which were related to the 
behaviour, anatomy and physiology of this species. Many 
Bos indicus cows are of nervous temperament, do not always
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respond favourably to tranquillizers and frequently will 
lie down when restrained for embryo collection. Many 
Brahman and Red Sindhi cows have a large, fibrous cervix 
with a narrow tortuous canal which makes passage of a 
Foley catheter extremely difficult, and in some cases, 
uterine insemination was not possible. The data of 
Table 3.1 suggest that Bos indicus cows are 
physiologically less suited to stimulation with PMSG 
than are Bos taurus cows. This supports the work of others 
who have shown that there are differences in the 
endocrinology of reproduction, particularly at the 
hypothalamic-hypophyseal axis, between Bos indicus and 
Bos taurus catcle. The ovariectomized Brahman cow has 
been shown to secrete less luteinizing hormone after 
challenge with gonadotrophin-releasing hormone and less 
luteinizing hormone and prolactin after oestradiol-173 
challenge than the ovariectomized Bos taurus cow (Griffin 
and Randel, 1978; Rhodes, Randel and Harms, 1978;
Rhodes, Randel and Harms, 1979).
Although the Bos indicus cows responded favourably to 
treatment with HCG at oestrus, it is not unequivocally 
established that the poor ovarian response of Bos indicus 
cows to PMSG is due to inadequate levels of endogenous 
luteinizing hormone. Halley, Rhodes, McKellar and Randel 
(19 79) recorded that Bos indicus cows responded well to 
treatment with follicle stimulating hormone. Perhaps the 
follicular responses reported here were due to a greater 
sensitivity of the Bos indicus cows to PMSG, particularly 
to the residual hormone circulating after the onset of 
oestrus (Schams, Menzer, Schallenberger, Hoffmann, Hahn 
and Hahn, 1978) which even in Bos taurus cows has been 
associated with follicular responses leading to failure 
of fertilization and degeneration of embryos (Betteridge, 
1977; du Mesnil du Buisson, Renard and Levasseur, 1977).
Embryo transfer in Bos indicus recipients was also 
more difficult than in Bos taurus recipients because of 
problems with temperament and the tendency of Bos indicus 
cows to lie down when restrained. Additionally, the 
corpus luteum was frequently difficult to locate as it is
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smaller and more deeply embedded in the ovarian stroma 
than in Bos taurus cattle (Irvin, Randel, Haensly and 
Sorensen, 1978).
Many investigators have reported the establishment of 
twin pregnancies in cattle either by bilateral embryo 
transfer or unilateral embryo transfer contralateral to 
the pregnant uterine horn using surgical or non-surgical 
methods (Rowson, Lawson and Moor, 1971; Boland, Crosby 
and Gordon, 1975; Sreenan, Beehan and Mulvehill, 1975; 
Boland and Gordon, 1978; Newcomb, Christie and Rowson, 
1978; Renard, Ozil and Heyman, 1979; Sreenan, Diskin 
and McDonagh, 1981). In most experiments, investigators 
were content to determine twinning rate by slaughtering 
recipients during early pregnancy and only recently have 
there been reports of twin pregnancies which were allowed 
to go to term (Anderson, Cupps, Drost, Horton and Wright, 
1978; Anderson, Cupps and Drost, 1979; Sreenan et at,
1981). These twinning experiments have been confined to 
Bos taurus breeds of cattle.
The pregnancy rate at 7 to 8 weeks gestation and the 
percentage of twin pregnancies found in these experiments 
is within the range reported by other workers (reviewed 
by Sreenan, 1977; Anderson et al, 1978; Anderson et at, 
1979). However, the results in Tables 3.3 and 3.4 show 
that foetal losses and pregnancy failure after 7 to 8 
weeks gestation were substantial. Losses of the single 
ipsilateral and twin foetuses were similar while losses 
in Bos indious cows were greater than in Bos taurus cows. 
Without appropriate controls such as the establishment of 
twin Bos taurus pregnancies in Bos taurus and Bos indious 
cows and twin Bos indious pregnancies in Bos taurus and Bos 
indious cows, no definite conclusions can be reached as to 
why the high foetal losses occurred or why foetal losses 
in Bos indious cows were higher than in Bos taurus cows.
Little is known of the foetal losses which occur in 
natural and induced twinning in cattle, although there is 
some evidence to indicate that foetal losses in natural 
twinning may be high. Kidder, Barrett and Casida (1952)
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recorded 13.1% multiple ovulations but a twinning rate of 
1.92% in a herd of Holstein-Friesian cows. This suggests 
that a high percentage of twin pregnancies fail to reach 
term. Also in a Holstein-Friesian herd, Erb and Morrison 
(1959) noted that the incidence of abortions of twin 
foetuses was twice that for single foetuses.
One of the reasons for loss of the twin foetuses 
may be a physiological inability of the uterus of some 
animals to support a twin pregnancy. As it does not seem 
likely that a uterus containing two foetuses would require 
any more progesterone to maintain the pregnancy than one 
containing a single foetus, the most likely reason for 
the inability of a uterus to support two foetuses would 
seem to be its inability to supply sufficient nutrients 
to the developing foetuses. As the number of uterine 
caruncles varies from 70 to 120 (Hafez, 1974), it may be 
that those cows which fail to maintain twin pregnancies 
had fewer caruncles than those who do support twin 
pregnancies. Rowson et al (1971) recorded the number of 
cotyledons in twin and single pregnancies and found that 
the number in twin pregnancies was substantially greater 
than in single pregnancies although the average number 
per foetus was approximately 20% less than the number for 
a single pregnancy. Studies comparing the weight and 
crown-rump length of single and twin foetuses have shown 
little difference up to 42 days gestation (Hafez and 
Rajakoski, 1964; Sreenan and Beehan, 1976; Boland,
Crosby and Gordon, 1978) although the data of Hafez and 
Rajakoski (1964) at 60 days gestation indicate a trend 
of lower weights for twins. Whatever the possibilities, 
Sreenan and Beehan (1976) concluded after examining 
embryonic death at various stages of gestation following 
bilateral embryo transfer, that the capacity of the uterus 
does not limit the ability of the cow to carry twins.
An alternative hypothesis is that losses are occurring 
because of an adverse immunological reaction between the 
two foetuses brought about by their genetic disparity and
77
facilitated by their common blood circulation. It would 
seem that many of the foetal losses are occurring at 
around the period when the bovine foetus becomes 
immunocompetent (Schultz, 1973) and it could be suggested 
that an immunologically-mediated reaction, such as the 
breakdown of tolerance, may be the cause of foetal death.
There are no reports in the literature of attempts 
to study the effect of genotype disparity on in utevo twin 
survival in cattle. This is understandable as only with 
the advent of the technique of embryo transfer has the 
establishment of heterogenous pregnancies become possible. 
It might be significant that in the report of Anderson 
et al (1978) in which 28.0% of twin foetuses did not 
survive, there seemed to have been greater opportunity 
for heterogeneity betweenembryos than in that of 
Anderson et al (1979) in which only 7.5% of twin foetuses 
failed to survive. However, in the report of Renard 
et al (1979) in which only 5.3% of cows pregnant at 60 to 90 
days failed to calve, the foetuses were of mixed-breed 
(Friesian and Charolais).
There can be no doubt that without constant 
observation of pregnant cows during the final weeks of 
gestation, the attendance at parturition and the intensive 
care given particularly during the first 3 days of post­
natal life, very few of the Brahman co-twins would have 
survived. The duration of gestation recorded in this 
study and the premature state of the twin Brahman calves 
at birth are interesting consequences of the physiological 
control of foetal growth and development and of the 
initiation of parturition. The observation that Bos tauvus 
cattle have a gestation period shorter by about 14 days 
than that of Bos indicus cattle agrees with the data of 
Plasse, Warnick, Reese and Roger (1968) and Reynolds,
De Rouen, Moin and Koonce (19 80). Thus, Bos indicus-Bos 
tauvus twins are a good model for studying some features 
of foetal growth and parturition. Current belief is that 
parturition is initiated by the maturation of the 
hypothalamic-hypophyseal-adrenal axis (reviewed by 
Liggins, 1979). The rise in foetal blood cortisol levels
near term modifies placental and endometrial steroidogenesis 
and stimulates the synthesis and release of prostaglandin 
F2 alpha into the uterine vein which causes lysis of the 
corpus luteum. Thus in Bos indicus-Bos taurus twin 
pregnancies, the Bos taurus calf matures before the 
Bos indicus calf and initiates parturition which results 
in the Bos indicus calf being born prematurely.
Experiments in the goat (Currie and Thorburn, 1977), 
another species in which little or no progesterone is 
produced by the placenta, suggest that the luteolytic 
mechanism of the term foetus is local and thus to be 
effective must occur ipsilateral to the ovary which has 
the corpus luteum. Clearly this is not so in the cow.
The data on the duration of gestation and the maturity of 
calves at parturition indicates that the foetus in the 
contralateral uterine horn is capable of initiating 
parturition in Brahman cows with twins and in Jersey and 
Brahman cows with single contralateral pregnancies. This 
suggests a major systemic component to the luteolytic 
mechanisms of the bovine foetus at term. If one 
extrapolates to intra-breed and intra-species twins, it 
is reasonable to assume that similar relationships and 
mechanisms are operative so that twins are always born 
when one foetus reaches maturity regardless of the state 
of maturation of its co-twin. This would seem to explain 
the shorter mean gestation length of twins frequently 
reported (Hendy and Bowman, 1970). There is no indication 
in the data reported here that the gestation length of 
twin pregnancies was intermediate between the means of 
single pregnancies for Bos indicus and Bos taurus cattle.
This is at variance with the conclusions of Anderson et al 
(1981) who showed that in mixed-breed twin pregnancies in 
sheep, the gestation length is intermediate between those 
of the two breeds.
It might be expected that there would be a haematogenous 
transfer of cortisol and other hormones (Liggins, Kitterman 
and Forster, 1979; Ballard, 1980) from the chimaeric 
Bos taurus foetus to its Bos indicus twin and that a chimaeric 
Brahman twin calf would be more mature than a non-chimaeric
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Brahman twin calf or a single Brahman calf born at the 
same stage of gestation. The reduced birthweight of 
Brahman twin calves and their prematurity at birth is 
clear evidence that the Bos taurus co-twins are not able 
to influence the growth and maturation of Brahman foetuses 
despite a shared circulation. Furthermore, there was no 
discernible difference in the state of prematurity between 
chimaeric and non-chimaeric Brahman calves suggesting 
that factors concerned in the maturation of the foetus 
have a local mechanism of action.
The birthweights of Bos taurus and Bos indicus twin 
calves were significantly less than those of singleton 
calves. This observation has been made previously in 
natural twins by many authors (reviewed by Hendy and 
Bowman, 1970) and twins induced by embryo transfer 
(Anderson et al> 1978, Anderson et als 1979; Sreenan et als 
1981). In the data reported here, Jersey twins were 
lighter at birth than Jersey singletons although their 
gestations were identical. This difference would seem 
to be the result of competition for nutrients in utero.
The greater difference in birthweight between twin and 
single Brahman calves has an additional contributing 
cause, namely shorter duration of gestation.
The birth of single calves which are the result of 
a contralateral pregnancy indicates that a foetus in the 
contralateral horn is sometimes able to maintain pregnancy. 
This observation has also been made by other investigators 
in experiments on twinning in cattle. For example, 
Anderson et al (1979) found that 12.2% of their cows which 
calved had a single contralateral pregnancy while Sreenan 
et al (1981) found a 7% incidence of single contralateral 
pregnancies. However, embryos transferred to the uterine 
horn contralateral to the corpus luteum have a low 
survival rate (20% at 42 days gestation) when no embryo 
was in the ipsilateral uterine horn (Christie, Newcomb 
and Rowson, 1979). The data presented here suggest that 
after 8 weeks of pregnancy survival of contralateral 
pregnancies is quite good.
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Details of the mechanism(s) by which the presence 
of an embryo in the uterus aids in the maintenance of 
the corpus luteum in the cow are not clear. It has been 
established that uterine-induced luteolysis in cattle 
is mediated through a local utero-ovarian pathway 
involving the utero-ovarian vein and ovarian artery 
(Mapletoft, Del Campo and Ginther, 1977). For 
pregnancy to occur, the embryo must prevent luteolysis 
from occurring and to do this it must be present in the 
uterus by Day 16 (Betteridge, Eaglesome, Randall and 
Mitchell, 1980). It is not clear if the embryo 
controlled mechanisms are antiluteolytic, acting 
directly on the uterus or luteotrophic, acting on the 
ovary (Lukaszewska and Hansel, 1980; Northey and French, 
1980). As a high percentage of contralateral pregnancies 
can be maintained up to day 24 (Del Campo, Rowe, French 
and Ginther, 1976; Christie et als 1979), it is apparent 
that the signal to prevent luteal regression is potent 
and able to be transferred to the ipsilateral horn 
through the body of the uterus. Christie et al (1979) 
suggested that a different mechanism for maintaining 
pregnancy occurred after day 24 and if a contralateral 
pregnancy was to survive, portion of the chorioallantois 
needed to be in the ipsilateral horn by day 24. If 
this is true, in twin pregnancies death of the foetus in 
the ipsilateral uterine horn before day 24 will only 
result in pregnancy being maintained if the 
chorioallantois of the contralateral foetus grows into 
the ipsilateral uterine horn before day 24. Later in 
pregnancy and probably after day 30, death of the 
ipsilateral foetus should result in most pregnancies being 
maintained as part of the chorioallantois of the 
contralateral foetus would be in the ipsilateral uterine 
horn. However, this is difficult to reconcile with 
the absence of haemopoietic chimaerism in singleton 
calves from contralateral pregnancies (see Chapter 4).
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In the cow the corpus luteum is the major source of 
progesterone during pregnancy. Removal of the corpus 
luteum up to day 163 of gestation results in the termin­
ation of pregnancy but pregnancy can be maintained if 
the corpus luteum is removed after this stage of gestation 
(McDonald, Nichols and McNutt, 1952). Presumably suffic­
ient progesterone is produced by the placenta after day 
163 of gestation to maintain the pregnancy. The situ­
ation in the cow is different to that in the sheep where 
the placenta is the major source of progesterone (Linzell 
and Heap, 1968). The results reported here show that the 
progesterone concentration in the jugular blood of 
Brahman cows with twins was usually higher than those 
with a single foetus but the differences were statisti­
cally significant only at 8 and 36 weeks of gestation. 
Presumably the placenta of the second foetus was the 
source of the higher progesterone concentration in cows 
with twins. Sreenan, Gosling, Terqui and Thimonier (1978) 
examined the progesterone concentration of single and twin 
pregnant heifers at 31 to 32 weeks of gestation. The twin 
pregnancies had been established by embryo transfer. They 
did not find significant differences in the progesterone 
concentration of the two groups of heifers.
Significant differences in the concentration of 
unconjugated oestrogen in the jugular blood of Brahman 
cows carrying twin and single foetuses was not found.
Other workers have reported that maternal oestrogen 
concentrations are low during the first and second tri­
mester and rise during the last trimester particularly 
during the last month of pregnancy (Smith, Edgerton,
Hafs and Convey, 1973; Comline, Hall, Lavelle,
Nathanielsz and Silver, 1974; Dobson and Dean, 1974; 
Hoffmann, Wagner and Gimenez, 1976). The oestrogens in 
the maternal plasma originate from the placenta (Hoffman 
et at, 1976; Robertson, King and Carnegie, 1978) and it 
was expected that the oestrogen concentration in cows 
with twins would be significantly higher than in those with
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single foetuses. This has been reported by other 
workers. Sreenan et dl (1978) found that the total 
oestrogen concentration was significantly higher at 
31 to 32 weeks of gestation in heifers carrying twins 
compared with those with single foetuses. Unconjugated 
oestradiol-173 concentration was found to be signifi­
cantly higher in cows containing multiple foetuses 
induced by PMSG than in those carrying a single foetus 
(Adelakoun, Matton and Dufour, 1978). Oestrone levels 
were similar in each group except during the first tri­
mester where the levels were higher in cows carrying 
multiple foetuses.
CHAPTER 4
THE CHARACTERIZATION OF CHIMAERISM IN 
MIXED-SPECIES BOS INDICUS-BOS TAURUS TWIN CALVES
84
A. INTRODUCTION
More than 90% of natural mixed-sex twin calves are 
haemopoietic chimaeras. Chimaerism results from the 
anastomosis of the chorioallantoic blood vessels of the 
two conceptuses at about day 30 of pregnancy (Hafez and 
Rajakoski, 1964). It is likely that identical-sex 
natural twin calves are also mostly chimaeric although 
the analysis of the status of these twins by karyotyping 
is not possible. These chimaeras represent a stable state 
of acquired immunological tolerance in which the blood 
cells of each twin cohabit with those of the other without 
apparently evoking any graft-versus-host or host-versus- 
graft response.
As mixed-species cattle twins have not been previously 
produced, there are no data on the effect of disparity of 
genotype on the incidence of vascular anastomosis between 
such twins or on the extent to which chimaerism exists in 
these twin calves. This Chapter describes the qualitat­
ive and quantitative characterization of chimaerism in Bos 
indicus - Bos taurus twins produced by embryo transplantation.
B. RESULTS
4.1 DETERMINATION OF HAEMOPOIETIC CHIMAERISM
The following tests were used to determine the degree 
of chimaerism in the twin and singleton calves:
(1) lymphocyte karyotyping;
(2) lymphocyte typing with specific lymphocytotoxic 
alloantisera;
(3) erythrocyte typing;
(4) clinical examination for freemartinism;
(5) mixed lymphocyte culture tests.
The first two tests gave a quantitative analysis of 
the degree of chimaerism and the third is essentially 
qualitative but can be considered as partially 
quantitative. The other tests were done
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to examine the qualitative aspects of the outcome of some 
physiological effects of the conjoined circulation on the 
reproductive and immune systems.
Twelve pairs of Jersey-Brahman twin calves and 
foetuses and 10 pairs of Friesian-Brahman and one pair 
of Angus-Brahman twins were examined. Evidence of 
chimaerism was found in only 6 of the 12 pairs of Jersey- 
Brahman twins; all 10 pairs of Friesian-Brahman twins and 
the one Angus-Brahman pair were chimaeric (Table 4.1).
Tests for chimaerism in foetuses and calves born dead were 
limited to erythrocyte typing and examination of the 
genitalia of female foetuses for freemartinism. Foetuses 
from only 2 of the 4 Jersey cows which aborted or died 
were examined.
4•2 LYMPHOCYTE CHIMAERISM
(a) Chimaerism in the peripheral blood lymphocyte
population
The chromosome number of both Bos taurus and Bos indicus 
cattle is 60 (2N). All the metaphase autosomes of Bos 
taurus animals are acrocentric whereas the X chromosome is 
large and submetacentric and the Y chromosome is small 
and also submetacentric (Figure 4.1). The Bos indicus X 
chromosome is indistinguishable from the Bos taurus X 
chromosome and the Y chromosome is small and acrocentric 
and indistinguishable from the other small autosomes.
Thus, karyotyping can be used to determine chimaerism if 
the twins are heterosexual or are both males.
Lymphocyte typing with lymphocytotoxic alloantisera 
was the only method of determining lymphocyte chimaerism 
when both calves were females. It was necessary to 
establish the accuracy of lymphocyte typing by specific 
alloantisera as it is a more rapid and less laborious 
technique than karyotyping and thus is more appropriate 
for frequent determinations of chimaerism such as the 
monitoring of chimaerism in lymph (see Chapter 6). In
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Table 4.1 INCIDENCE OF CHIMAERISM IN MIXED-SPECIES
BOS INDICUS - BOS TAURUS TWIN CALVES AND FOETUSES .
Breeds Number pairs 
tested
Number pairs 
chimaeric
Jersey/Brahman *12 6
Friesian/Brahman 10 10
Angus/Brahman 1 1
Total 23 17
* A pair of aborted foetus and a pair of foetuses from a 
cow that died were tested.
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Figure 4.1 THE CHROMOSOMES OF BOS TAURUS CATTLE (x 416).
A - female 
B - male
•SU* S
•p. o
O £c?>
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most twin calves, a comparison was made between the 
results obtained for chimaerism by karyotyping and by 
lymphocyte typing; in all cases a good correlation was 
obtained between the two methods. An example of some 
of the results obtained by the two different methods is 
given in Table 4.2. Although there were differences 
between the samples taken at different ages, similar 
results were obtained by both methods.
Results of the quantitative analysis of lymphocyte 
chimaerism in twin calves and the changes in the degree 
of chimaerism with age are shown in Table 4.3. Friesian 
lymphocytes dominated in all Friesian-Brahman twins and 
except for 2 pairs, the percentage of Friesian lympho­
cytes in the peripheral blood at birth was in excess of 
90% in each twin. Uniform dominance of one cell type 
was not a feature of Jersey-Brahman twins; in one pair, 
Brahman cells were the only type detected, in another 
pair Jersey cells were the predominant type and in the 
third pair the percentage of Jersey and Brahman cells 
was about equal. Lymphocyte chimaerism was not tested 
for in the two sets of chimaeric Jersey-Brahman foetuses 
and the set of Jersey-Brahman twins born dead.
Lymphocyte chimaerism in Bos indicus - Bos tauvus twins 
was not stable. In all the Friesian-Brahman twins, 
Friesian lymphocytes become increasingly dominant in 
both co-twins as the animals grew older (Table 4.3).
Of particular note is the Friesian-Brahman (SV31, SV32) 
pair, which changed from 61.0% and 77.5% Friesian cells 
respectively at less than one month of age to 92.0% and 
93.3% at 3 months of age. In the Jersey-Brahman pair 
(GC13, GC14), the percentage of Jersey lymphocytes re­
mained stable in the Jersey calf whereas the percentage 
of Jersey lymphocytes in the Brahman calf fluctuated 
from 75.9% at less than one month of age to 32.3% at 
6 months and 43.7% at 12 months of age. The changes in 
Angus SV7 were particularly dramatic. The percentage of 
Angus lymphocytes was 40.1% at less than one month of age 
and by 18 months was 82.7%.
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(b) Chimaerism of the lymphocyte population in efferent 
lymph
Simultaneous examination of lymphocyte chimaerism in 
peripheral blood and in efferent lymph from the prefemoral 
lymph node (see Chapter 6) showed that the level of 
chimaerism of lymphocytes from each source was similar 
(Table 4.4). These results were obtained by karyo­
typing where twins were heterosexual or both males and by 
lymphocyte typing when both twin calves were females.
4.3 ERYTHROCYTE CHIMAERISM
Blood samples from twin and single-born calves were 
examined at one month of age for erythrocyte chimaerism 
by the Cattle Blood Group Laboratory, University of 
Queensland. A haemolytic test involving test erythro­
cytes, rabbit serum as a complement source and specific 
blood group antisera was used to type the erythrocytes.
The parents of twins, single-born calves and potential 
co-twins to single-born calves were also typed.
All twins shown to be chimaeric by other tests were 
also erythrocyte chimaeras. In 8 of the 10 pairs of 
Friesian-Brahman twins, the blood types of each co-twin 
were identical and were predominantly of Friesian type. 
However, in two pairs (SV31, SV32 and SV36, SV37) the 
blood types of each pair were identical but were predom­
inantly of Brahman type even though the lymphocytes of 
the calves were predominantly of Friesian type. Table 
4.5 shows the blood groups of the Friesian-Brahman twins 
(SV24, SV25) in which Friesian blood groups predominate 
and the twins (SV31, SV32) in which Brahman blood groups 
predominate. Table 4.5 also shows the blood group results 
of the parents of these twins. In one pair of Jersey- 
Brahman twins (GC15, GC16), the results of erythrocyte 
typing were at variance with the results of the tests 
for lymphocyte chimaerism. Both calves contained only 
Brahman lymphocytes and whereas the erythrocytes of the
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Brahman calf were of Brahman type, those of the Jersey 
calf were a mixture of Jersey and Brahman.
4.4 VAGINAL LENGTH OF FEMALE CALVES
In Table 4.6 are shown the vaginal lengths at birth 
of female calves born as singles, as twins with a female 
co-twin and as twins with a male co-twin. The latter 
are divided into those which were chimaeric by other 
tests and those which were non-chimaeric. The results 
show that the reduced vaginal length which is anatom­
ically characteristic of freemartinism in these calves 
was invariably associated with chimaerism in mixed-sex 
twins.
4 • 5 MIXED LYMPHOCYTE REACTIVITY OF BOS INDICUS-BOS TAURUS 
TWINS
It was found that lymphocytes from calves less than 
one week of age, particularly premature Brahman calves, 
often proliferated poorly in culture as judged by the3incorporation of H-thymidine in autologous control and 
allogeneically stimulated cell cultures. Therefore, the 
mixed lymphocyte reaction test was done when the twins were 
between one and 4 weeks of age. In the mixed lymphocyte 
culture tests, the twins were classified according to 
whether or not the peripheral blood lymphocytes of one 
stimulated those of the other. Failure to stimulate each3other was shown when the incorporation of H-thymidine 
by co-twin cells did not differ significantly from the3incorporation of H-thymidine by autologous control cells. 
The capacity of the test cells to proliferate was tested 
by cultivating them with cells from unrelated calves.
The cells from twins shown to be chimaeric by other 
tests always failed to stimulate one another in the mixed 
lymphocyte culture; cells from non-chimaeric twins 
stimulated one another to a degree similar to that pro­
duced by cells from unrelated animals. Table 4.7
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Table 4.6 VAGINAL LENGTHS OF FEMALE CALVES BORN AS 
SINGLES OR TWINS.
Vaginal Length (cm.)
Breed Single Females with Females with male co-twin
Females female co-twin Chimaeric Non-chimaeric
Friesian 15.6 14.4 6.3
16.5 9.4
Brahman 11.3 7.5 6.9 12.5
13.1 11.9 5.6 11.9
11.9 5.6
9.4
Jersey 12.5 9.4 3.8 12.5
13.1 12.5
Angus 6.3
Vaginal lengths measured within 24 hours of birth.
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illustrates the type of results obtained from chimaeric 
and non-chimaeric twins.
Lack of reactivity between chimaeric twins was 
maintained when the test was repeated several times up to 
12 months of age in 5 pairs of Friesian-Brahman twins and 
2 pairs of Jersey-Brahman twins.
4•6 REACTIVITY OF CELLS IN MIXED LYMPHOCYTE CULTURE 
BETWEEN FULL SIB CALVES
The experiments to produce Bos indious-Bos taurus twin 
calves produced a number of calves which were full sibs 
as a number of pregnancies were obtained from the same 
donor cow. Some of the full sibs were born as singles, 
which as shown in the next section were not chimaeric, 
and others as a member of a pair of twins. Thus, from a 
haemopoietic viewpoint, there were three classes of full 
sib relationships:
1) non-chimaeric full sibs
2) full sibs where one was chimaeric to an un­
related calf
3) full sibs where each member was chimaeric to 
an unrelated calf.
It was of interest to study the extent of mixed lympho­
cyte reactivity between full sibs of these 3 classes. 
Lymphocytes from each calf were used both as responder 
and stimulator cells for lymphocytes from its full sib. 
The results are shown in Figure 4.2. Minimal stimulation 
was elicited by cells from non-chimaeric full sibs com­
pared with autologous controls whereas lymphocytes were 
strongly stimulated by unrelated animals. There was a 
minor degree of stimulation when one of the full sibs was 
chimaeric and a greater stimulation when both sibs were 
chimaeric.
4.7 ABSENCE OF CHIMAERISM IN SINGLE-BORN CALVES
None of the 23 singleton calves from the twinning
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Figure 4.2 MIXED LYMPHOCYTE REACTIVITY OF NON-CHIMAERIC 
FULL SIBS, CHIMAERIC AND NON-CHIMAERIC FULL 
SIBS AND CHIMAERIC FULL SIBS.
Results expressed as the mean ± S.E. CPM of triplicate 
cultures of the reactivity of each animal against its 
full sib.
Bar = S.E.
Autologous control
Full sib
[^l Unrelated animal
Non-chimaeric full sibs
w 
> i 
i Brahman GC11, Brahman GC17 
Jersey GC9, Jersey GC23
Chimaeric
chimaeric
and
full
non-
sibs
C - 
D -
Angus SV7(82.7% Angus), 
Angus SV12
Jersey GC20(55.3% Jersey), 
Jersey GC8
Chimaeric full sibs E - Brahman GC14(24.1% Brahman), 
Brahman GC16(100% Brahman)
F - Friesian SV15(99.4% Friesian) 
Friesian SV17(95.0% Friesian)
G - Friesian SV24(98.2% Friesian) 
Friesian SV39(100% Friesian)
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experiments were found to have a detectable level of 
haemopoietic chimaerism and none of the female calves 
(7 animals) had evidence of freemartinism. The dams 
(7 Brahmans, 2 Jerseys) of 9 single calves had twin 
foetuses detected when they were examined at 7 to 8 weeks 
of gestation. It was considered that although none of 
the calves were chimaeric at birth, some calves may have 
received primitive haemopoietic cells from their foetal 
co-twin before the foetus died but that chimaerism had 
been eliminated during foetal life. It was shown in the 
preceding section that non-chimaeric full sibs have sim­
ilar antigens responsible for mixed lymphocyte reactivity. 
As a consequence, it would have been expected that 
lymphocytes of the singleton calves would not react in 
the mixed lymphocyte culture test with lymphocytes of a 
full sib to the calf's potential co-twin.
This possibility was tested in 3 Brahman calves (SV6, 
SV40, SV42) and one Jersey calf (GC12), all from cows in 
which twin pregnancy had been diagnosed. Lymphocytes 
from the 4 calves were strongly stimulated by lymphocytes 
from full sibs of their potential co-twins (Table 4.8). 
This suggested that they had not been exposed in utevo to 
cells from their potential co-twins.
C. DISCUSSION
In cattle, unlike most other species, more than 90% 
of mixed-sex twin calves are born as haemopoietic 
chimaeras as the result of in utero vascular anastomosis 
between the blood vessels of each chorioallantois 
(Marcum, 1974). Full details of the mechanisms involved 
in the vascular anastomosis have not been examined al­
though it is known that the anastomosis occurs at about 
day 30 of gestation (Hafez and Rajakoski, 1964), 
the time at which the rapidly developing, highly vascular­
ized allantois fills the chorionic sac (Greenstein,
Murray and Foley, 1958). Blood islands begin forming in 
the yolk sac of the bovine embryo at day 19 and the heart 
is beating and providing a primitive circulation by day 22
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(Greenstein and Foley, 1958; Grimes, Greenstein and Foley, 
1958) so that at the time of vascular anastomosis, cir­
culating haemopoietic stem cells can be exchanged between 
the foetuses. Certainly by day 37, the earliest age at 
which foetuses have been examined, haemopoietic chimaer- 
ism has been established (Vigier, Locatelli, Prepin, du 
Mesnil du Buisson and Jost, 1976).
The chorion develops before the allantois and is 
already present in the opposite uterine horn at day 30 
and thus in a twin pregnancy, the chorions overlap each 
other. The allantois develops dramatically from day 28 
(Greenstein et al, 1958) and as it fills the chorionic 
sacs, it fuses with the overlying chorion to form the 
chorioallantois. It seems likely that the blood vessels 
of the allantois are highly invasive at this stage of the 
development to account for the vascular anastomosis at the 
point of contact of the chorioallantois of each foetus.
It is suggested that after the establishment of the 
chorioallantoic vascular network and the development of 
the foetal cotyledons which begins at day 31 to 33 (Green­
stein et al, 1958; King, Atkinson and Robertson, 1979), the 
invasiveness of the vasculature declines. If this is the 
case, then the period over which vascular anastomosis can 
occur might only extend for 3 to 4 days. It is of note 
that in twin pregnancies of sheep, over 90% of chorions 
fuse but rarely is there vascular anastomosis (Steven, 
1968; Mellor, 1969), possibly because the allantoic sacs 
do not meet each other until after the period of rapid 
growth and vascularization of the allantois.
In the results presented here, evidence of chimaerism 
was sought from five different tests. Lymphocyte karyo­
typing can be definitive and quantitative when the twins 
are of mixed sex or when there is a species difference 
in one of the sex chromosomes as occurs here with the Y 
chromosome.
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Lymphocytotoxic alloantisera proved extremely useful 
in these experiments and their use provided the only method 
by which a quantitative estimation of chimaerism could be 
made when both calves of a twin set were females. Prepar­
ation of alloantisera was laborious as the lymphocytes 
from both sets of parents were required. Some of the 
bulls used were kept at an interstate artificial insemin­
ation centre while others were seven hours drive from the 
laboratory. As less than 0.5 ml of packed lymphocytes 
was obtained from 500 ml blood, it was necessary to 
obtain blood from bulls on many occasions. In natural 
twins, lymphocytotoxic alloantisera are of no use for 
determining chimaerism because the calves are full sibs.
Erythrocyte typing is commonly used to detect 
chimaerism in calves (Bell and Francis, 1970) but the 
method has some shortcomings. When chimaerism approaches 
100% in one direction, like-sex twins could be diagnosed 
as identical unless, as occurred in calves in these 
experiments, there were clear phenotypic differences 
between the twins.
In the present studies, chimaerism in mixed-sex twins 
was always associated with freemartinism of the female. 
However, instances have been reported in which chimaerism 
has occurred in the absence of freemartinism (Eldridge 
and Blazak, 1976; Smith et al, 1977). A possible explan­
ation could be that there was a breakdown of the vascular 
anastomosis before day 49 of pregnancy, the stage at which 
the male foetus begins to inhibit the development of the 
genitalia of the female foetus (Jost et al, 1972). A case 
of freemartinism in the absence of chimaerism has been 
reported (Greene et al, 1977). However, the male co-twin 
was not examined for haemopoietic chimaerism and this is 
probably a case where there was complete domination in 
both calves by haemopoietic cells of the female calf.
The mixed lymphocyte culture reaction is an in vitro 
test of lymphocyte recognition and proliferation in which 
each lymphocyte population reacts against "foreign" deter­
minants on the cell surface of the other population.
1G6
This test was used in these studies as an indirect test 
for chimaerism. Bain, Vas and Lowenstein (1964) were the 
first to show that the in vitro mixture of lymphocytes from 
different individuals resulted in the production of blast­
like cells, the appearance of some cells in mitosis and
the appearance of cells which became labelled when incu- 
3bated with H-thymidine. The genetic control of the 
extent of proliferation in the mixed lymphocyte culture 
test has been studied extensively in the mouse and man 
(Dupont, Hansen and Yunis, 1976) where it has been related 
to lymphocyte antigens coded by the H2-I locus (mice) and 
the HLA-D locus (man) of the major histocompatibility 
complex. The proliferating cells are alloreactive clones 
of T lymphocytes which in the mouse seem to be stimulated 
by la antigens coded for by the I region and presented 
to them on the surface of macrophages and B lymphocytes 
(Niederhuber and Frelinger, 1976). Limited work has been 
done to define the genetic control of the mixed lympho­
cyte culture reaction in cattle but a minimum of two loci 
has been identified in this species (Usinger, Curie- 
Cohen and Stone, 1977).
Absence of reactivity in the mixed lymphocyte culture 
between two genetically dissimilar individuals has been 
shown to be an in vitro test for immunological tolerance 
(Wilson, Silvers and Nowell, 1967; Schwarz, 1968).
Based on the clonal selection theory of immunological 
tolerance (Burnet, 1959), this tolerant state would be 
interpreted as denoting the elimination of alloreactive 
T lymphocytes during the induction of tolerance. Natural 
chimaeric twin cattle have been shown not to exhibit re­
activity to each other in the mixed lymphocyte culture 
test (Emery and McCullagh, 1980(c)), and this has been 
interpreted as indicating that the reciprocal exchange 
of haemopoietic stem cells pre-dates the development of 
immunocompetence. Immunocompetence in the bovine foetus 
has been reported to develop as early as day 59 of 
gestation. Schultz, Dunne and Heist (1973) detected IgM- 
containing lymphocytes in foetuses at this stage of 
development and they reported that the lymphoid development
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of the thymus had occurred at day 42,while the spleen 
was present at day 55 and some lymph nodes were formed 
at day 60 of gestation. Antibody response to microbial 
and non-microbial antigens can be detected in day 100 
foetuses (Schultz,1973). Cell-mediated immune responses 
develop later with foetuses being able to respond to 
Mycobacterium bovis when 16 8 days old (Rossi, Kiesel, Kramer 
and Hudson, 1978).
Clearly, the synthesis of chimaeric Bos indicus-Bos taurus 
calves has produced two diverse results. Brahman- 
Friesian twins were always chimaeric whereas Brahman- 
Jersey twins showed only a 50% incidence of chimaerism.
There is no previous report of such a low incidence of 
chimaerism in twin calves nor is there published evidence 
that the incidence of chimaerism is lower in natural twin 
Jersey calves than in other breeds. The use of embryo 
transfer techniques cannot be the reason for this unusual 
result as embryo transfer was used in both combinations 
of calves. Furthermore, Horton, Anderson, BonDurant 
and Cupps (1980) have shown that the incidence of chim­
aerism in cattle twins produced by embryo transfer is in 
close agreement with that observed in naturally occurring 
twins. The evidence indicates that the absence of chimaerism 
in half of the Jersey-Brahman twins was due to failure 
of chorioallantoic vascular anastomosis to develop rather 
than due to an inability of either the Jersey or the 
Brahman foetal haemopoietic cells to colonize the alien 
twin. None of the females of non-chimaeric mixed-sex 
twins were freemartins and none of the non-chimaeric twins 
were tolerant of each other's lymphocytes in the mixed 
lymphocyte culture test. If there had been chorioallantoic 
anastomosis without chimaerism, it would be expected 
that the females would have been freemartins and the 
twins immunologically tolerant of each other.
The reason for the failure of the chorioallantoic 
vessels to join is not known but based on the speculations 
of the mechanisms previously discussed, it could be that 
the allantois of each foetus may not make contact with each
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other during the limited period when anastomosis can 
occur. However, there is no reported abnormal incidence 
of chimaerism in natural Jersey twins. Clearly, the 
frequent failure of anastomosis is peculiar to the 
Jersey-Brahman combination but one can only speculate 
as to whether this is due to different rates of foetal 
development or to some form of incompatibility between 
the chorioallantois of the Jersey and Brahman foetuses.
The outstanding feature of the Friesian-Brahman 
twins was the dominant presence of Friesian lymphocytes 
in all animals. This dominance increased as the animals 
grew older indicating either that there was a preferential 
replacement of Brahman lymphocytes by Friesian lympho­
cytes as the Brahman lymphocytes died,or that the Friesian 
lymphocytes were proliferating more rapidly or living 
longer than the Brahman lymphocytes. The level of 
chimaerism in natural twin calves is random (Basrur and 
Kanagawa, 1969; Marcum et at, 1972). In most cases, no 
major changes occur in the proportions of chimaeric cells 
as the animals grow older and the chimaeric state is 
more or less stable (Teplitz et at, 1967; Kanagawa et at,
1967; Stone et at, 1964; Green et at, 1977; Dunn et at, 1979). 
However, Stone et at (1964) showed that in some twins a 
major change occurs in the proportion of chimaerism in 
the red cell population around 8 to 11 years of age and 
that this change was similar in each twin. There has 
been no evidence to indicate that the changes in the 
lymphoid cell populations which occur in chimaeric calves 
or allophenic mice are the result of any adverse immun­
ological reaction such as the breakdown of tolerance, 
as the animals have remained healthy with no evidence of 
graft-versus-host disease. There was no evidence to 
indicate that any immunologically-mediated disease had 
occurred in the Bos indieus-Bos tauvus. chimaeric calves which 
were born alive. The deaths which did occur were due to 
accidents or specific diseases.
The surprising finding in the Friesian-Brahman twins 
was that Brahman erythrocytes were the predominant type
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in 2 pairs whereas Friesian erythrocytes were the pre­
dominant type in the remaining 8 pairs. There is no 
information available on the developmental relationships 
of erythrocytes and lymphocytes in the bovine foetus.
While studies in the mouse and the chicken show that cells 
of the yolk sac are the precursors for myeloid cells 
(erythrocytes, granulocytes, macrophages, megakaryocytes) 
and lymphoid cells (Moore and Metcalf, 1970; Metcalf and 
Moore, 1971; Weisman, Papaioannou and Gardner, 1978;
Paige, Kincade, Moore and Lee, 1979), it is not clear if 
there is one precursor cell for myeloid and lymphoid cells 
or a separate precursor cell for each cell line. In 
addition, recent evidence in avian and amphibian embryos 
(Martin, Beaupain and Dieterlen-Lievre, 1980; Turpen, 
Knudson and Hoefen, 1981) has thrown doubt on the concept 
that the yolk sac is the only source of lymphoid pre­
cursors. This evidence suggests that mesenchymal tissue 
of the pronephric region is an important source of lymph­
oid precursors. The evidence from the chimaeric calves 
where erythrocytes and lymphocytes are of different geno­
type indicates that erythrocytes and lymphocytes arise 
from different precursor cells during embryonic develop­
ment. These observations also provide evidence that in 
post-natal life there exist separate stem cells in the 
bone marrow and spleen from which erythrocytes and lympho­
cytes are derived. Previous experiments in the mouse 
(Micklem, Ford, Evans and Gray, 1966; Trentin, Wolf, Cheng, 
Fahlberg, Weiss and Bonhag, 1967; Yung, Wyn-Evans and 
Diener, 1973) have shown that adult bone marrow and 
spleen contain stem cells which could re-populate irradi­
ated recipients with myeloid and lymphoid cells but as 
yet, it has not been unequivocally demonstrated that there 
are separate stem cells for myeloid and lymphoid cells 
(Goldschneider, 1980).
The fact that in all cases lymphocytes and in most 
cases erythrocytes of Friesian genotype were the dominant 
cells in both Friesian and Brahman co-twins at birth and 
in later life, suggests that they have a greater "relative 
genetic fitness" than Brahman haemopoietic cells. This
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advantage demonstrated by the Friesian cells over the 
Brahman could relate to differences in proliferation 
rate, differences in life span or a combination of 
these factors. It would be of interest to produce 
Friesian-Jersey chimaeras to determine if Friesian 
cells will dominate over Jersey cells for the dominance 
of one genotype of haemopoietic cells was not uniform 
in Jersey-Brahman twins. Some strain combinations of 
allophenic mice show a dominance of one genotype of 
haemopoietic cells (Mintz and Palm, 1969; Tuffrey et al, 
1973; Barnes et al, 1974).
A surprising feature of these experiments was the 
absence of detectable haemopoietic chimaerism in any of 
the single-born calves. In some cases, this could be 
accounted for by the death of one of the embryos before 
chorioallantoic anastomosis had occurred. However, in a 
number of cases where a twin pregnancy was diagnosed at 
7 to 8 weeks, chimaerism should have been established. 
This finding suggests that in Bos indicus-Bos taurus twin 
pregnancies, it may be necessary for an exchange of hae­
mopoietic stem cells to occur over a considerable period 
of gestation for the chimaeric condition to be stabilized 
This proposition is difficult to reconcile with the 
failure to detect immunological tolerance as measured by 
the lack of mixed lymphocyte reactivity between 4 single- 
born calves and the full sibs of their potential co-twins 
Alternatively, tolerance may not be the only possible 
outcome of haemopoietic chimaerism. Death of one or both 
foetuses may be another outcome. It is not an uncommon 
event for single-born male or female calves to exhibit 
haemopoietic chimaerism (Fechheimer, 1973; Pollock, 1974; 
Wijeratne et al, 1977), sometimes associated with a 
mummified foetus (Horton et al, 1980). This indicates 
that once chimaerism has been established in natural twin 
foetuses, the death of one foetus does not result in the 
loss of chimaerism from the living foetus.
Studies of the mixed lymphocyte culture reactivity 
between non-chimaeric full sib calves by Emery and
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McCullagh (19 80, c) showed that in some cases there was 
no reactivity and in others, the level of reactivity was 
about a third of that shown between full sibs and allo­
geneic calves. In the results reported here, there was 
very little reactivity between the 2 pairs of non- 
chimaeric full sibs. In the chimaeric non-chimaeric 
comparison, there was some degree of stimulation and this 
was interpreted to mean that Bos indious lymphocytes were 
stimulated by the Bos taurus full sib lymphocytes. The 
Brahman lymphocytes in SV7, although tolerant to SV7 
Angus cells, were stimulated by SV12 Angus cells. This 
was because SV12 contained lymphocytes which recognized 
as foreign SV7 Brahman cells but not SV7 Angus cells.
When both sibs were chimaeric, greater stimulation occurred 
because lymphocytes not of the genotype of the host reacted 
with both the Bos indious and Bos taurus lymphocytes of 
the full sib. For example, Brahman cells from Friesian 
SV15 were stimulated by both Friesian and Brahman lympho­
cytes from Friesian SV17; similarly, Brahman cells from 
SV17 were stimulated by Friesian and Brahman cells from 
SV15. Friesian cells from each animal were stimulated by 
Brahman cells of the full sib.
These results support the concept of clonal deletion 
as the mechanism of tolerance in chimaeric twin calves 
rather than the masking of the lymphocyte surface anti­
gens responsible for mixed lymphocyte culture reactivity. 
These results, taken together with the fact that specific 
cytotoxic alloantisera are able to recognize genetically 
determined antigenic structures on the surface of lympho­
cytes, and the recognition of erythrocyte antigens by 
blood group antisera, indicated that surface antigens of 
haemopoietic cells in Bos indious and Bos taurus twin 
calves are not altered by their development in a 
genetically foreign host.
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CHAPTER 5
THE SYNTHESIS OF PRIMARY BOS INDICUS BOS TAURUS
CHIMAERIC CALVES
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A. INTRODUCTION
In Chapter 3 and Chapter 4, the production and 
characterization of secondary haemopoietic Bos indicus- 
Bos tccurus chimaeric cattle was described.
The aim of experiments described in this chapter was 
to synthesize primary Bos indicus <-> Bos taurus chimaeras to 
see if the resultant animals could be useful for studying 
some of the physiological mechanisms of disease resist­
ance. For example, it would be of particular interest 
to look at the capacity of skin of different genotypes 
co-existing on the one animal to support or resist in­
festation with cattle ticks, Boophilus microplus. The 
synthesis of primary chimaeric cattle has not been 
reported previously and it was necessary from the outset 
to develop techniques appropriate for use with cattle 
embryos. The techniques used were adapted from the two 
methods used to produce primary chimaeric mice, the 
embryo-aggregation technique (Mintz, 1971) and the blasto­
cyst injection technique (Gardner, 1978).
B. RESULTS
Initial experiments were conducted to study the 
possibility of using the embryo-aggregation method for 
producing primary chimaeras in cattle. Briefly, the 
technique involves the digestion of the zona pellucida 
with 0.5% "Protease", the cultivation of two denuded 
embryos together to a composite blastocyst and then the 
transfer of the composite blastocyst to a recipient 
animal. Because of difficulties in collecting sufficient 
cattle embryos for experimentation, sheep as well as 
cattle embryos were used. Day 3 to 6 embryos, mostly 
day 4 (oestrus = day 0), were collected surgically from 
ewes and day 5 to 7 embryos, mostly day 6, were collected 
non-surgically from cows. Ewes and cows had been induced 
to superovulate.
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5.1 REMOVAL OF THE ZONA PELLUCIDA 
(a) Sheep
It was found that the ease with which the zona 
pellucida could be digested was similar for all embryos 
recovered from a ewe. The zona pellucida was 
successfully digested by 0.5% "Protease" from 
morphologically normal embryos of 19 (38.7%) of 49 ewes. 
In most of these, the digestion process was completed 
within 2 and 5 minutes. The zona pellucida of embryos 
from a further 19 sheep was partially digested after
10 minutes incubation; no visible digestion of the zona 
pellucida occurred with the embryos from the remaining
11 sheep. Increasing the concentration of "Protease" 
to 2.5% or extending the incubation period up to 2.5 
hours did not enhance the effect of the enzyme on the 
zona pellucida. Some embryos which had an indigestible 
zona pellucida were incubated with 0.5% hyaluronidase 
or 0.5% collagenase for 10 minutes but without effect.
The digestibility of zonae pellucidae of ova was similar 
to that of embryos.
Embryos were collected on a second occasion from 12 
ewes and in all except one animal, the pattern of 
digestibility of the zona pellucida observed at the first 
collection was repeated.
(b) Cattle
Embryos, mostly morulae, were collected from 13 
Friesian, Angus and Friesian X Angus cows of various 
ages. The zona pellucida was digested from the embryos 
of 4 animals by "Protease" in 6 to 8 minutes. Partial 
digestion of the zona pellucida from 5 animals had 
occurred after 10 minutes incubation but in most cases 
this was insufficient to enable it to be removed by 
pipetting. Exposure of embryos to "Protease" for longer 
than 10 minutes often resulted in disaggregation of some 
of the blastomeres. Incubation with "Protease" for 10 
minutes had no effect on the zona pellucida of embryos
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from the remaining 4 cows. Embryos from one of these 
cows was incubated with solutions containing each of the 
following reagents without effect on the zona pellucida:
0.1M 2-mercaptoethanol, 0.05M sodium periodate, 0.5% 
ß-glucuronidase, 0.5% hyaluronidase, 0.5% Chymotrypsin 
and 0.5% bromelain.
Embryos were collected on 3 occasions from one cow 
and on 2 occasions from 2 cows, and in all animals the 
pattern of digestibility of the zona pellucida was 
similar on all occasions. The effect of "Protease" on 
zonaepellucidae of ova was similar to its effect on 
embryos.
Follicular oocytes were collected from 41 cows at 
slaughter and the effect of solutions containing 
"Protease", glucuronidase, trypsin, neuraminidase, 
Chymotrypsin, hyaluronidase, papain, collagenase and 
bromelain on the zona pellucida was studied. The zona 
pellucida of all oocytes was digested by "Protease" 
within one to 6 minutes incubation; of the other 
enzymes, only papain and bromelain had a similar effect.
5.2 CULTURE OF PAIRS OF DENUDED EMBRYOS
The results obtained by cultivation of pairs of 
denuded sheep and cattle embryos together are summarized 
in Table 5.1. Initial attempts were made to make pairs 
of sheep embryos adhere to each other by manoeuvring them 
together with fine glass rods and cultivating them at 
37.5°C. These experiments were unsuccessful and 
phytolectins were added to the culture medium in the 
hope that this would promote adherence of the embryos 
in culture. Eleven pairs of day 4 sheep embryos (16-20 
cells) were cultivated overnight (16 to 20 hours) in 
culture medium containing either 25 mg/ml or 50 mg/ml 
concanavalin A. Four pairs adhered to each other but on 
removal from the medium containing phytolectin and 
cultivation for a further 24 hours in conventional 
culture medium,all embryos had become separated and only 
one had developed into a blastocyst. Four of 5 pairs
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of day 5 sheep embryos (morulae) were adherent after 
overnight culture in medium containing 50 mg/ml con- 
canavalin A but none became aggregated when cultivated 
further in phytolectin-free medium. Seven embryos 
developed into blastocysts and in 2 pairs, both embryos 
developed to blastocysts. Five pairs of day 4 embryos 
were cultivated for 15 minutes in medium containing 
phytohaemagglutinin which caused the embryos to readily 
adhere to each other. However, none became aggregated 
during culture overnight and none developed into 
blastocysts after culture for a further 24 hours. In 
summary, 17 pairs of day 4 embryos and 8 pairs of day 5 
embryos were cultivated together. None became aggreg­
ated and whereas only one (2.9%) of the day 4 embryos 
developed to a blastocyst, a higher proportion (67.5%) 
of day 5 embryos developed to blastocysts.
Fourteen pairs of denuded cattle embryos comprising 
11 pairs of day 6 morulae and 3 pairs which consisted 
of a morula and a group of 12-16 cells from a partly 
disaggregated morula, were cultivated for 15 minutes in 
medium containing phytohaemagglutinin. All pairs of 
embryos were adherent at the end of the culture period. 
After cultivation for a further 24 hours, 7 pairs had 
separated; 8 of the 14 embryos developed to blastocysts. 
Only in one pair did both embryos develop into blasto­
cysts. Five of the remaining 7 pairs remained adherent 
and 2 pairs of morulae became aggregated to form an 
irregular mass of cells containing a small blastocoel.
On further cultivation, both aggregated cell masses 
showed minimal growth.
5.3 BLASTOCYST INJECTION TECHNIQUE
Because of the difficulties associated with the 
removal of the zona pellucida and poor results obtained 
with attempts to aggregate denuded ruminant embryos, the 
blastocyst injection method was developed as an altern­
ative means of producing primary chimaeras in cattle. 
Figure 5.1 illustrates the steps in the injection of a 
bovine blastocyst with inner cell mass cells.
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Figure 5.1 Steps in the injection of a bovine blastocyst 
with inner cell mass cells (X 200).
A. Removal of the zona pellucida from the donor 
blastocyst with microhooks.
B. The inner cell mass is about to be dissected from 
the donor blastocyst with straight microneedles.
C. The inner cell mass (arrow) has been dissected free 
of the trophectoderm.
D. The recipient blastocyst is held by a pipette and 
is about to be injected with inner cell mass cells.
E. The injection of the recipient blastocyst. The 
pipette containing inner cell mass cells is passed into 
the blastocyst through a slit made in the zona pellucida 
and trophectoderm by the backward and foreward-curved 
needles.
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Figure 5.2 The synthesis of a putative primary chimaeric
calf. Inner cell mass cells from blastocysts collected 
from the Angus cow (A) were injected into blastocysts 
from the Brahman cow (B). Two injected blastocysts 
were transferred to the Friesian recipient cow (F) 
which gave birth to a single Brahman female calf SV26.
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(a) In vitro development of injected blastocysts
Eighteen sheep blastocysts and 11 cow blastocysts 
were injected with inner cell mass cells to evaluate the 
effect of the technique on the subsequent development of 
embryos in vitro. After cultivation for 13 to 22 hours,
2 blastocysts had degenerated but the remainder continued 
to develop as shown by the re-expansion of the blastocoel, 
development to the expanded blastocyst stage or the 
commencement of hatching.
(b) In vivo development of injected blastocysts
Twenty-four bovine blastocysts were injected with 
one to 6 inner cell mass cells from another blastocyst.
The breed composition of the recipient blastocysts and 
donor inner cell masses were as follows:
10 Brahman blastocysts injected with Angus cells,
2 Brahman blastocysts injected with Friesian cells,
7 Friesian blastocysts injected with Brahman cells,
5 Angus blastocysts injected with Brahman cells.
All embryos were transferred to cows which had been in 
oestrus within 24 hours of the cows from which the 
blastocysts had been recovered. One cow received 3 
blastocysts, 8 cows 2 blastocysts and 5 cows one blastocyst.
Six of the 14 recipient cows (43%) were pregnant 
when examined 8 weeks after oestrus and 7 calves were 
born representing 29% survival of the transferred injected 
blastocysts. Figure 5.2 shows one of the calves born 
(Brahman SV26) together with her Friesian surrogate 
mother and the Brahman and Angus cows which supplied the 
blastocysts from which the calf was derived. Success 
rate seemed to be related to the genotype of the injected 
blastocyst; calves were born from 5 of the 12 injected 
Brahman blastocysts whereas only 2 of the 12 injectedBos 
taurus blastocysts developed to calves. Details of the 
embryos transferred and the calving result of the pregnant 
recipients are given in Table 5.2. All calves except
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Brahman SV26 were normal at birth. This calf, which had 
a gestation length of 286 days, was weak at birth and 
required assistance to feed from her surrogate mother 
for 24 hours after birth.
5.4 EXAMINATION OF PUTATIVE PRIMARY CHIMAERIC CALVES 
FOR CHIMAERISM
(a) External phenotypic features
All calves showed external phenotypic features 
typical of the breed of the injected blastocyst. The 
animals were examined periodically up to 9 months of age 
but there was no evidence of the development of pheno­
typic characteristics of the breed of the injected inner 
cell mass cells.
(b) Lymphocyte karyotyping
There was no evidence of Bos indicus-Bos taurus 
chimaerism in the peripheral blood lymphocytes of the 
calves when they were examined at less than one month of 
age. The pair of Brahman twins were chimaeric, the male 
calf containing 20% male cells and the female calf 18% 
male cells. The female calf was a freemartin.
(c) Typing of peripheral blood lymphocytes
The results of typing the peripheral blood lympho­
cytes of the putative primary chimaeric calves are shown 
in Table 5.3. The results show that in 4 of the Brahman 
calves (SV26, SV28, SV29 and SV30), lymphocyte surface 
antigens were recognized by both the Brahman specific 
alloantiserum and the Angus specific alloantiserum. The 
percentage of cells recognized by the Angus antiserum 
varied between animals and changed with the age of the 
animal. The Angus antiserum recognized 100% of cells 
of Brahman SV26 at less than one month of age but the 
percentage recognized declined to 30.2% at 7 months 
of age. In Brahman SV30, no cells were recognized
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when tested at less than one month of age but 100% 
were recognized at 7 months of age. These results 
suggested that hybridization of lymphocytes had 
occurred.
(d) Erythrocyte typing
Blood was examined at one month of age and again at 
5 months of age. The erythrocytes of the dam and sire 
of the donor and recipient blastocysts were also typed. 
Ghimaerism was detected in one calf Brahman SV29. The 
erythrocyte antigen "J", of the J phenogroup which was 
present in this calf, was not present in either of her 
parents, Brahman cow 37 and Brahman bull L.M.O.; it was 
present in Angus cow A89, the source of injected inner 
cell mass cells. These results are shown in Table 5.4.
(e) Transferrin types
The serum transferrin types of the 7 calves and the 
dams and sires of the donor and recipient blastocysts 
were determined by thin layer horizontal polyacrylamide 
gel electrophoresis (pH7.9) at the Cattle Blood Group 
Laboratory, University of Queensland. There was no 
evidence to indicate chimaerism of the transferrin types 
in any of the calves nor any evidence that the injected 
inner cell mass cells were the source of the transferrin 
types. The results for calf SV29 are shown in Table 5.4 
along with the results of typing for erythrocyte antigens.
C. DISCUSSION
The techniques used to produce embryo-aggregation 
chimaeras in mice were found to be unsuitable when 
applied to ruminants, firstly because the zona pellucida 
of ruminant embryos was difficult to remove enzymatically 
and secondly, the denuded embryos did not readily 
aggregate. The zona pellucida, a tough acellular mem­
brane composed of complex glycoproteins (reviewed by
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Gwatkin, 1976) is digested with the proteolytic enzymes 
from Streptomyces griseus ("Protease", Sigma; "Pronase" , 
Calbiochem) in less than 3 minutes in the mouse (Mintz, 
1964) but it takes longer to digest in the sheep and 
the cow. This difference may be related to the thicker 
zona pellucida of the pre-blastocyst embryo of the cow 
(16.5 microns) and the ewe (14 microns) compared with the 
mouse (11 microns) (Hamilton and Laing, 1946; Mintz,
1964).
More importantly though, it was found that the zona 
pellucida could be digested from embryos of only about 
one third of ewes and cows and that this pattern of 
digestibility was reproducible. This finding suggests 
that in both cattle and sheep there are differences in 
the physico-chemical properties of the zona pellucida 
between animals. As the zona pellucida of ova of ewes 
and cows had a similar pattern of digestibility to the 
zona pellucida of embryos, and as the zona pellucida of 
cow follicular oocytes was readily digested with 
"Protease", it may be that certain events that occur in 
the environment of the reproductive tract may be 
responsible for the differences in digestibility 
between animals. Even if ruminant embryos could be 
aggregated readily this finding imposes additional 
restrictions in the application of embryo-aggregation 
techniques to ruminant embryos. The digestibility of the 
zona pellucida of embryos from potential donor animals 
would need to be established beforehand so that 
appropriate donors could be selected to provide embryos 
for aggregation.
Moor and Cragle (1971) also found that the zona 
pellucida could be digested from embryos with "Pronase" 
from about one-third of sheep and that the pattern of 
digestibility was repeated when embryos were collected 
on a second occasion from the same donors. However, the 
studies of Trounson and Moore (1974b)showed that the 
zona pellucida of most day 4 and 5 sheep embryos was 
readily digested by "Protease" whereas the zona pellucida
127
of younger embryos was more resistant and could not be 
completely digested after 10 minutes incubation.
Recent work has confirmed that the zona pellucida of 
cattle embryos is resistant to digestion by 0.5%
"Pronase". Massey (1980) reported that incubation times 
in excess of 4 hours were required to digest the zona 
pellucida from cow embryos at the 5-16 cell stage. 
Differences found in the digestibility of the zona 
pellucida by different observers could be due to 
differences in the genetic background of the sheep and 
cattle from which the embryos were recovered.
Pairs of denuded ruminant embryos when cultivated 
together failed to adhere readily as they do in the 
mouse and it was necessary to add phytolectins to the 
culture medium to facilitate aggregation (Mintz et al,
1973). However, although adhesion could be achieved, 
the aggregation rate was low; none of the pairs of sheep 
embryos and only 2 pairs of cattle embryos became 
aggregated. The low success rate is probably because one 
of the 2 embryos failed to survive; only in a few cases 
did both embryos develop to blastocysts. It is not 
known whether this was due to an inadequate culture system 
or some other factor. There is also the possibility of 
an embryotoxic factor in "Protease" as there is evidence 
that treatment of mouse blastocysts with undialysed 
"Pronase" reduces the number of implanting blastocysts 
(McLaren, 1969; Bronson and McLaren, 1970). Mintz (1971) 
reported that "Pronase" treatment and aggregation had no 
detrimental effect on mouse embryos. More than 95% of 
embryo pairs developed into blastocysts although only 
about 50%, depending on the strain combination, developed 
to viable offspring.
A necessary prerequisite for the successful production 
of primary ruminant chimaeras by embryo-aggregation is 
the development of a successful culture medium for the 
8-12 cell embryo. This is the optimal embryo stage to 
use because of the adhesive and amoeboid nature of the
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blastomeres, at least in the mouse (Mintz, 1971). It is 
necessary to cultivate embryos to the blastocyst stage, 
to ensure that aggregation has occurred and because pre­
compaction stage embryos have a low survival rate in vivo 
without a zona pellucida (Bronson and McLaren, 1970; 
Modlinski, 1970; Trounson and Moore, 1974b). While a 
number of investigators have reported the development of 
culture techniques for young ruminant embryos (Tervit, 
Whittingham and Rowson, 1972; Wright, Anderson, Cupps 
and Drost, 1976(a), 1976(b); Boone, Dickey, Luszcz, 
Dantzler and Hill, 1978; Anderson, 1978), progress has 
been limited by the difficulty and cost of obtaining 
sufficient embryos for testing media and culture condit­
ions. Older embryos (morulae) can be successfully 
cultivated for 24-48 hours in a simple medium based on 
Dulbecco's phosphate buffered saline (Moore and Spry,
1972; Trounson, Willadsen and Rowson, 1976). However, it 
may be possible to avoid the necessity of cultivating 
embryos in vitro by placing pairs of denuded 8-cell cow 
embryos into an empty zona pellucida and then incorpor­
ating the composite embryo into agar blocks (Willadsen, 
1979) for culture in vivo in the rabbit or anoestrus sheep 
oviduct (Lawson, Adams and Rowson, 1972; Willadsen and 
Polge, 1981) until the blastocyst stage. The chimaeric 
blastocyst could then be recovered and transferred to a 
recipient cow.
In the cow, 8-12 cell embryos are still in the ovi­
duct and they can only be collected surgically. This has 
the disadvantage of limiting the usefulness of a cow for 
sequential embryo collections because of the development 
of post-operative adhesions. Older embryos up to the 30- 
cell stage (day 5) probably would be suitable for embryo 
aggregation and could be collected non-surgically 
although 20-30% of these will be in the oviduct and 
therefore unobtainable (Elsden and Betteridge, 1977).
It was concluded therefore, that the blastocyst 
injection technique might prove to be a more successful 
means of producing primary cattle chimaeras. In addition
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to avoiding the difficulties associated with embryo 
aggregation, the injection method provides a more 
economical use of embryos as inner cell mass cells from 
one blastocyst can be used to inject several recipient 
blastocysts. Further, it might be possible to use 
cryopreserved embryos. The injection technique has the 
disadvantage that specialized and costly equipment needs 
to be purchased and considerable time and practice is 
needed by the operator in developing the necessary manip­
ulative skills to make microinstruments and to perform 
the microsurgery. Gardner's original technique which was 
used in these studies could be made simpler by using 
finely bevelled pipettes as cell injecting pipettes 
(Markert and Petters, 1977). If the zona pellucida 
and trophectoderm can be punctured directly with the 
injection pipette then the complicated backward and for­
ward-curved microneedles used to make a slit in the zona 
pellucida and trophectoderm could be dispensed with.
The results obtained have demonstrated that ruminant 
blastocysts can tolerate the microsurgical trauma imposed 
on them by the blastocyst injection technique as shown by 
the in vitro culture results and the birth of calves.
None of the calves showed any evidence of chimaerism of 
external features but chimaerism was detected in one 
calf (SV29) by erythrocyte typing. The antigen "J" 
acquired by this Brahman calf from the Angus cow is not 
produced by the erythrocytes but is released into the 
plasma from tissues including spleen, liver or kidney 
(Thiele, Froneberg and Koch, 1974) when the calf is 3 to 
12 weeks of age (Stone and Irwin, 1954) and is absorbed 
onto erythrocytes (Stormont, 1949).
Therefore, SV29 is a primary chimaera exhibiting 
chimaerism of one or several internal tissues. It is 
possible that some of the other calves may have had 
internal chimaerism but the absence of suitable markers 
does not allow the examination of tissues other than the 
haemopoietic tissues. It is interesting that one 
putative chimaeric calf (SV26), overtly a Bos indicus, had
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a gestation length of 286 days and at birth showed some 
signs of prematurity. In Chapter 3, single-born Bos 
indicus calves had a mean gestation length of 296.2 days 
with a range of 292 to 305 days. A gestation of 286 
days is more typical of a Bos taurus than a Bos indicus 
calf and could suggest chimaerism of some part of the 
hypothalamic-hypophyseal-adrenal axis. On the other 
hand, it might be expected that a Bos taurus component in 
this axis would make a simultaneous contribution to the 
maturation of the foetus.
The presence of Angus as well as Brahman antigens on 
the surface of some lymphocytes detected by specific 
alloantisera in 4 of 6 calves suggested that there has 
been hybridization of Brahman and Angus lymphopoietic 
stem cells. Cell fusion and hybridization has been shown 
not to occur in chimaeric mice derived by embryo- 
aggregation except in skeletal muscle myoblasts (Mintz 
and Baker, 1967; Gearhart and Mintz, 1972). However 
Munro et dl (1974) working with chimaeric mice derived by 
blastocyst injection, suggested that hybridization of 
lymphocytes, detected by cell labelling with an antiserum 
to histo-compatibility antigens, had occurred in 2 of 9 
mice studied. Burgoyne (1975) investigated the possibility 
of hybridization of spermatozoa in mouse chimaeras 
produced by embryo-aggregation but found no evidence for 
cell hybridization. Hybridization of erythrocyte 
precursors has been the explanation for the development of 
new erythrocyte antigens derived from the original cell 
types in some natural twin calves (Stone et al3 1964;
Stone et al3 1968), and Ohno (1968) cited references for 
experiments in which the hybridization of haemopoietic 
cells had occurred in chick chimaeras derived by 
parabiosis and in mouse radiation chimaeras. The present 
data are further evidence that cell hybridization can 
occur in chimaeras.
The survival of injected blastocysts in vivo (29.2%) 
was lower than predicted by the in vitro culture results. 
This may have been due to the fact that the manipulated 
embryos had been cultivated for up to 31 hours before
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transfer to recipients. Trounson et al (1976) showed 
that extending the culture period of bovine morulae and 
blastocysts from 24 to 48 hours in medium based on 
Dulbecco's phosphate buffered saline significantly re­
duced the number of morphologically normal embryos. 
Nevertheless, the survival of injected bovine blasto­
cysts to term was only slightly less than the range of 
30-50% reported in the literature for mice and rabbits 
(Gardner, 1968; Illmensee and Mintz, 1976; Babinet and 
Bordenave, 1980).
The number of cells injected and the proportion of 
animals born which are chimaeric varies. In Gardner's 
original work in mice (Gardner, 1968) between 2 and 5 
cells were injected and 14% of the resulting offspring 
were chimaeric. In later work (Gardner, 1978), Gardner 
reported that at least 25% of offspring showed extensive 
chimaerism following the injection of only one inner cell 
mass cell. Moustafa (1974) injected from 5 to 9 inner 
cell mass cells into rabbit blastocysts and 4% of the 
animals born exhibited chimaerism of the retina, skin or 
hair. Injecting the whole inner cell mass seems to in­
crease the number of chimaeric offspring as about 70% 
of the rabbits produced by Babinet and Bordenave (1980) 
were lymphocyte chlinaeras. The puzzling thing about 
these experiments was that none of the rabbits exhibited 
coat chimaerism.
There is only one report of the synthesis of 
primary chimaeras in domestic animals. This was the work 
of Tucker et al (1974) who injected between one and 4 cells 
obtained from day 3 to 7 sheep embryos under the zona 
pellucida of day 3 embryos. About 36% of the injected 
embryos developed to term and 9% of the lambs were 
chimaeric as assessed by erythrocyte antigen types and 
serum protein analysis.
The synthesis of a Bos indicus *-> Bos taurus primary 
chimaera has demonstrated that it is possible to produce 
mixed-species chimaeras in mammals. The only other
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successful report of mixed-species chimaeras (also by 
blastocyst injection) was by Rossant and Frels (1980) 
who produced live murine chimaeras between Mus muscularis 
and Mus caroli.
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CHAPTER 6
STUDIES ON THE IMMUNE RESPONSES IN 
NON-CHIMAERIC AND CHIMAERIC
BOS INDICUS AND BOS TAURUS CALVES
134
A. INTRODUCTION
Little is known of the details of the immune resp­
onse in cattle in terms of the events which occur in 
individual lymph nodes when challenged with antigen, or 
of the differences in responsiveness which may be due 
to genetically determined characteristics of different 
breeds and strains of cattle. The part that lymphoid 
cells of different genotypes play in determining the 
outcome of an immune response and the role the various 
anatomical structures and physiological factors play in 
contributing to resistance or susceptibility to a disease 
have not been studied.
The kinetics of an immune response can be studied 
by cannulating the efferent lymphatic vessels of lymph 
nodes and monitoring the composition of the efferent lymph 
in response to localized antigenic challenge (Hall and 
Morris, 1962; 1963). The experiments reported in this 
chapter have used this approach to study and compare the 
immune responses of Bos indicus and Bos taurus calves and Bos 
indicus - Bos taurus chimaeric calves. This was done to 
examine the reactivity of lymphocytes of different geno­
types to antigenic challenge and the interaction of these 
cells to an autochthonous or an alien lymphoid system.
B. RESULTS
6.1 THE ANATOMY OF THE LYMPHATIC DRAINAGE OF THE 
PREFEMORAL LYMPH NODE OF JERSEY, FRIESIAN AND 
BRAHMAN CALVES
The efferent lymphatics of the prefemoral lymph node 
were cannulated when the calves were 8 to 16 months old. 
The location of the prefemoral lymph node in the flank 
was similar in all breeds. However, it was found that 
surgical exposure of the node and its efferent lymphatic
135
ducts was more difficult in Brahman calves as the lymph 
node was positioned further posteriorly under the tensor 
fascia latae muscle than in Friesian and Jersey calves. 
While all the Friesian and Brahman calves studied had a 
single prefemoral lymph node, the Jerseys frequently had 
2 nodes, and in one animal 3 nodes, positioned vertically 
4 to 8 cm apart. In Jersey calves with 2 or 3 nodes, one 
node was larger than the other(s) and received the effer­
ent lymph from the smaller node(s). There were no 
obvious differences in the dimensions of the prefemoral 
lymph node between the 3 breeds when a single node was 
present. In Jersey calves, efferent lymphatic ducts 
were usually more numerous (range of 3 to 11 ducts) and 
of smaller diameter than those of Friesian and Brahman 
calves (range of one to 7 ducts).
The rate of lymph flow per hour from the unstimu­
lated prefemoral lymph nodes of Friesian and Brahman 
calves was higher than in Jerseys (Table 6.1) but the 
concentration of total and large lymphocytes was similar 
for each breed. Therefore the total cell output per hour 
was about 20% less in Jersey calves than in Friesian and 
Brahman calves.
6.2 CHARACTERISTICS OF THE PRIMARY AND SECONDARY IMMUNE
RESPONSE TO KEYHOLE LIMPET HAEMOCYANIN (KLH)
Four measurements were used to monitor the immune 
response of the prefemoral lymph node in calves:
1) The stimulation index total cells (total 
lymphocytes)
2) The stimulation index large cells (large 
lymphocytes)
3) The percentage of large lymphocytes
4) The output per hour of antibody-producing cells. 
Because of the variation between animals in the rate of 
lymph flow and in the cell output of the quiescent lymph 
node, the cell output of the antigenically stimulated 
lymph node was expressed as a stimulation index so that
T
a
b
le
 
6
.1
 
TH
E 
FL
O
W
 
R
A
TE
 
O
F 
LY
M
PH
 
A
N
D
 
TH
E 
C
E
L
L
 
O
U
TP
U
T 
FR
O
M
 
TH
E 
U
N
ST
IM
U
L
A
T
E
D
 
PR
E
FE
M
O
R
A
L
 
LY
M
PH
 
N
O
D
E 
O
F 
D
IF
FE
R
E
N
T
 
B
R
E
E
D
S 
O
F 
C
A
T
T
L
E
.
136
p
0
Qa
-p
ßMO CTl
1 MO CM rH
-P O • • •
ß  rH O  CT> 00
0 oo
X
rH +i +i +i
iH P
0  ß LT) LO P"
Ü 0 I-H CT> O
X ro  co
1—1
td
-P
0
Eh
ß ^ o
O 1
■H O [ P^ 00
H  -P r—| o  o  o
i—1 ß • • •
0  P  X o  o  o
U -P
ß  iH +1 +1 +1
0  0  g
CT» U ld
P  ß  P H1 co
ß  0  0 • • •
J  Ü a o  co o
ßMO
O 1 p - co
•H O p - mo in
i—I -p i—1 • • •
rH ß i—1 CM i—1
0  P  X
ü  -P +1 +1 +1
ß  r—1
rH 0  g <T\ 00 rH
ß  Ü ld p^ co
-P ß  P • • •
0  0  0 oo mo p -
Eh O Qa rH i—1 i—1
rH o  co
g CM 00 O
p • • •
0  ß rH rH rH
-p o
ß  X i +1 +1 +1
p
p oo m  "3*
£  0 M0 P- 00
o  cu • • •
rH MO CO CO
Pm rH CM CM
"--* 1--1
00 00 rH
ß
ß  ß
*H ß
XJ 0  CO g
0 co 0 ,ß
0 P -H ß
P 0  P P
CQ 1-0 Pm CQ
•
CO 
I—I
ß
g
■H
ß
ß
0
•H
p
CL)
td
g
•H
X
u
1
ß
o
c
ß
td
Ü
•H
p
CD
td
g
•H
X
Ü
p
4-1
'O
0
ß
•H
td
4->
X
o
Od
0
0
p
JQ
X
Ü
rd
0
P
o
mh
CO
■p
I— I 
2 
to 
0 
PS
W
w
+i
ß
td
0
g
CO
td
'd
0
co
co
0
P
X
0
CO
-p
I— I
3
CO
0
PS
CO
I-1
rd
g•H
ß
rd
m
o
p
0
XI
sß
CO
0
-p
rd
ü
•H
ß
•r|
CO
■H
CO
0
rß
■P
ß
0
p
rd
Q a
ß
•H
P
0
iß
137
a comparison could be made between animals. The total 
cell output and the output of large lymphocytes per hour 
were monitored for 100 to 120 hours before antigenic 
challenge. The results for the first 48 hours after 
cannulation were disregarded and the basal hourly output 
of total and large lymphocytes was measured subsequently. 
During the immune response, the values for the total cell 
and large lymphocyte output per hour were divided by the 
basal cell output to give stimulation indices for total 
cell and large cell output for the lymph collected over 
each time interval. The basal cell output for secondary 
responses to KLH and for the challenges with ovalbumin 
and tick antigen was based on the cell output for the 48 
hours prior to challenge.
After primary and secondary challenge with KLH, the 
output of lymphocytes fell to low levels for 8 to 14 
hours ("cell shutdown"). In the primary response, the 
total cell output reached a peak 60 to 80 hours after 
challenge and generally returned to the basal level by 
180 to 200 hours (Figure 6.1). The output of large cells 
in the lymph and the percentage large cells usually 
reached a peak 20 to 40 hours after the peak of the output 
of total cells. Antibody-producing cells began to appear 
48 hours after challenge and the numbers rapidly in­
creased to peak at about 110 hours after challenge. 
Antibody-producing cells had usually disappeared from the 
lymph by 200 hours after challenge.
In the secondary response, the total cell output and 
the output of large cells reached a peak 20 to 30 hours 
earlier than in the primary response (Figure 6.2). The 
percentage of large cells was also greater in the second­
ary response than in the primary response. Antibody- 
producing cells appeared earlier (around 32 hours) in 
the secondary response and reached a peak at about 70 
hours. They had usually disappeared by 120 hours. The 
number of antibody-producing cells appearing in the lymph 
during a secondary response was considerably less than in 
the primary response.
138
6.3 COMPARISON OF THE IMMUNE RESPONSE OF JERSEY, 
FRIESIAN AND BRAHMAN CALVES TO KLH
Studies of the immune response to primary and 
secondary challenges with KLH were done with singleton 
Jersey, Friesian and Brahman calves to see if there were 
any breed differences in the immune responses. Results 
obtained for the Friesian group of calves were combined 
with those obtained from the chimaeric Friesian calves, 
as in the latter the lymphocyte populations were com­
posed predominantly or completely of cells of the 
Friesian genotype.
Primary immune responses were studied in 6 Jersey,
8 Friesian and 5 Brahman calves. The assay for antibody- 
producing cells was successfully done on only 3 of the 5 
Brahman calves. Results for the secondary responses were 
obtained from 5 of the 6 Jersey calves and 5 of the 8 
Friesian calves.
Secondary responses were studied in a group of 5 
Brahman calves; in 3 of these the primary immune response 
had been studied previously. In the other 2 animals, the 
lymph flow from the prefemoral lymph node had stopped 48 
to 96 hours after primary challenge with KLH. The 
contralateral prefemoral lymph node was cannulated 3 to 5 
days after the lymph flow ceased from the node given the 
primary challenge. The subsequent challenge with KLH to 
this node was regarded as a secondary challenge. The 
assay for antibody-producing cells was done in 4 of the 
5 Brahman calves.
Figures 6.1 and 6.2 show the results for the 3 
breeds in terms of the stimulation indices for total 
cells, large cells and the percentage of large cells 
during the primary and secondary responses to KLH. The 
total output of antibody-producing cells for each of the 3 
breeds during the primary and secondary responses is pre­
sented in Table 6.2. Generally, the time related changes in 
the lymphocyte output and in the output of antibody-
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Figure 6.1 The cell content of the prefemoral efferent 
lymph during the primary immune response to KLH 
in Jersey, Friesian and Brahman calves. The results 
are the mean stimulation indices and the mean per­
cent large cells for each breed group. The standard 
errors are shown at 2 points on the graphs of the 
total cell stimulation indices.
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Figure 6.2 The cell content of the prefemoral efferent 
lymph during the secondary immune response to KLH 
in Jersey, Friesian and Brahman calves. The results 
are the mean stimulation indices and the mean per­
cent large cells for each breed group. The standard 
errors are shown at one point on the graphs of the 
large cell stimulation indices.
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Table 6.2 THE TOTAL OUTPUT OF ANTIBODY-PRODUCING CELLS
OF JERSEY, FRIESIAN AND BRAHMAN CALVES 
DURING THE PRIMARY AND SECONDARY IMMUNE 
RESPONSE TO KLH.
Output of antibody-producing cells (mean ± S.E.) X 10
Breed Primary response Secondary response
Jersey 354 ± 110 (6)*+ 132 ± 90 (5)
Friesian 909 ± 160 (8)* 130 ± 45 (5)
Brahman 894 ± 162 (3)+ 228 ± 119 (4)
Number in parenthesis indicates number of animals.
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producing cells were similar in the 3 breeds during the 
primary and secondary immune responses. There was con­
siderable variation between the breeds in the immune 
response but the extent of the between animal variation 
was greatest in the Brahmans. There was a general trend 
for the Brahmans to have a greater total cell output than 
the other 2 breeds but the differences were not statisti­
cally significant. The output of antibody-producing cells 
during the primary immune response to KLH was greater in 
Friesian and Brahman calves than in Jersey calves. The 
differences between the results for Jersey compared with 
Friesian or Brahman calves were statistically significant 
(p < 0.05). However, there were not statistically sig­
nificant differences between the 3 breeds in the output 
of antibody-producing cells during the secondary immune 
response. The Student's "t" test was used for statisti­
cal analysis.
6.4 EXAMINATION OF THE WITHIN ANIMAL VARIATION OF THE 
IMMUNE RESPONSE
An attempt was made to study simultaneously the 
primary immune responses to KLH of the right and left 
prefemoral lymph nodes so as to examine the variation in 
the immune response of different lymph nodes in the same 
animal. This experiment was done successfully in 2 
single-born animals, Jersey GC8 and Friesian SV23. The 
results of the stimulation indices for total and large 
cells are shown in Figures 6.3 and 6.4 and the output per 
hour of antibody-producing cells in Figure 6.5.
The qualitative and quantitative changes in the 
immune response were similar for both prefemoral lymph 
nodes of each calf. In the Jersey calf, the total out­
put of antibody-producing cells for the left and right
5 5prefemoral nodes was 184 x 10 and 258 x 10 respect­
ively; in the Friesian the output by 131 hours after
5 5challenge was 1031 x 10 and 1067 x 10 respectively for 
the left and right prefemoral nodes. On the basis of 
these results, the within animal variation in the output of 
antibody-producing cells could be expected to be up to 40%.
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Figure 6.3 The cell content of the efferent lymph from 
the left and right prefemoral lymph nodes of Jersey 
GC8 in response to a primary challenge with KLH.
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Figure 6.4 The cell content of the efferent lymph from 
the left and right prefemoral lymph nodes of 
Friesian SV23 in response to primary challenge with 
KLH (arrow-lymph flow stopped).
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Figure 6.5 The output of antibody-producing cells in the 
efferent lymph of the left and right prefemoral lymph 
nodes of Jersey GC8(A) and Friesian SV23(B) following 
a primary challenge with KLH.
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The profile of the antibody-producing cell response was 
different in each calf. The peak of the response occurred 
about 30 hours later in the Jersey calf compared with the 
Friesian calf although differences between the calves in 
the peak of the total cell and large cell response were not 
obvious. The late appearance of the peak of the antibody- 
producing cell response in the Jersey calf was not a 
feature of Jersey calves and as previously stated, most 
calves, regardless of breed, had a peak response at about 
110 hours after primary challenge with KLH.
6.5 THE IMMUNE RESPONSE OF CALVES TO OVALBUMIN
So as to obtain the maximum use of the cannulated 
prefemoral lymph nodes of the chimaeric twin calves, it 
was intended that the immune response to a second antigen 
be studied once the primary and secondary responses to 
KLH were completed. Ovalbumin was selected as a second 
antigen.
The primary and secondary response of the prefemoral 
lymph node to ovalbumin was studied in 3 Brahman calves 
and one Jersey calf. Significant changes were not observed 
in the rate of lymph flow or in the total and large cell 
output in any animal following primary challenge with 
20, 50 or 100 mg ovalbumin. The output of antibody- 
producing cells was not monitored in any of these animals. 
Fourteen days after primary challenge with ovalbumin, the 
lymph nodes were challenged with 100 mg ovalbumin. Again, 
there were no significant changes in lymph flow or in 
the cell composition of the lymph. It was concluded that 
ovalbumin was a weak antigen for calves.
6.6 THE IMMUNE RESPONSE OF CHIMAERIC BOS INDICUS - BOS TAURUS
TWIN CALVES TO KLH
The immune responses to KLH of the cannulated prefemoral 
lymph node were studied in one pair of Jersey-Brahman 
twins and 5 pairs of Friesian-Brahman twins.
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Whenever possible responses were studied simultaneously 
in each pair of co-twins. In 4 pairs of Friesian-Brahman 
twins both the primary and secondary immune responses 
were studied; only the secondary response was studied in 
the fifth pair. This was because the lymph flow from 
the left prefemoral lymph node ceased 72 hours after the 
primary challenge in the Brahman twin. The right pref­
emoral lymph node was cannulated 3 days later and the 
subsequent challenge with KLH was regarded as a secondary 
challenge. The output of antibody-producing cells during 
the primary and secondary immune responses of the twin 
calves are tabulated in Table 6.3. Examples of the 
stimulation indices for total and large cells,and the 
percentage of large cells during the immune responses, 
are shown in Figures 6.6, 6.7 and 6.8.
In the Jersey-Brahman twins (Jersey GC15, Brahman GC16), 
both of which contained 100% or almost 100% Brahman lympho­
cytes in their peripheral blood and lymph, only the 
primary immune response was studied. The results of the 
total cell and the large cell stimulation indices for both 
calves are shown in Figure 6.6. The Brahman calf gave a 
more vigorous response than the Jersey as measured by the 
output of total cells, large cells and antibody- 
producing cells. The output of antibody-producing cells 
in the Brahman calf was almost 5 times the number produced 
by the Jersey calf.
Brahman SV21 (99.1% Friesian lymphocytes in lymph) 
had a more vigorous primary immune response compared 
with its Friesian co-twin SV20 (100% Friesian lymphocytes 
in the lymph)(Figure 6.7). The difference in the response 
was particularly obvious in the output and percentage of 
large cells in the lymph; the total cell output was mar­
ginally greater in the Brahman than in the Friesian calf.
The output of antibody-producing cells was greater in the5Brahman calf than the Friesian calf (4,000 x 10 versus51,625 x 10 ); in addition, antibody-producing cells con­
tinued to appear in the lymph for almost 100 hours longer 
in the Brahman than in the Friesian calf. The Brahman
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calf also produced a superior response to the secondary 
challenge with KLH in terms of the large cell output, 
the percentage of large cells and the output of antibody- 
producing cells. The total cell output was similar in 
both calves (Figure 6.8). The primary and secondary 
immune responses in the Brahman calf were much greater 
than that observed in any other calf, chimaeric or non- 
chimaeric, studied in these experiments.
In the Friesian-Brahman twins Friesian SV15 (99.4% 
Friesian lymphocytes in the lymph) and Brahman SV16 (100% 
Friesian lymphocytes in the lymph), the Brahman calf 
gave the more vigorous response in terms of the output 
of total cells, large cells and the percentage large cells 
during both the primary and secondary immune responses 
(results not shown). The output of antibody-producing 
cells in the Brahman calf was twice that of the Friesian 
calf during the primary immune response, but in the 
secondary immune response the numbers of antibody- 
producing cells in the Brahman were almost half the 
numbers produced by the Friesian calf. In a third pair 
of Friesian-Brahman twins Friesian SV24 (98.3% Friesian 
lymphocytes in the lymph) and Brahman SV25 (99.2% Friesian 
lymphocytes in the lymph), the output of antibody- 
producing cells was marginally greater in the Friesian 
calf during the primary immune response. During the 
secondary response, the output of antibody-producing 
cells in the Brahman was 10 times the number produced by 
the Friesian calf.
Friesian SV8 (99.4% Friesian lymphocytes in lymph) 
had a more vigorous response to primary KLH challenge 
compared with its twin Brahman SV9 (97.7% Friesian 
lymphocytes in lymph). The output of total cells, large 
cells and the percentage of large cells was greater in 
the Friesian calf (results not shown). The output 
of antibody-producing cells in the Friesian calf was 
almost twice that of the Brahman calf. However, in
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Table 6.3 THE OUTPUT OF ANTIBODY-PRODUCING CELLS 
DURING THE PRIMARY AND SECONDARY IMMUNE 
RESPONSE TO KLH IN CHIMAERIC BOS INDICUS- 
BOS TAURUS TWIN CALVES.
Output of antibody-producing cells (mean ± S.E.) X 10
Twins Primary response Secondary response
Jersey GC15 251 N.D.
Brahman GC16 1,211 N.D.
Friesian SV20 1,625 218
Brahman SV21 4,000 698
Friesian SV15 283 248
Brahman SV16 588 140
Friesian SV24 529 39
Brahman SV25 397 400
Friesian SV8 1,177 68
Brahman SV9 663 153
Friesian SV17 N.D. 47
Brahman SV18 N.D. 250
N.D Not done
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Figure 6.6 The cell composition of the efferent lymph from 
the prefemoral lymph nodes of the twin calves Jersey 
GC15 and Brahman GC16 in response to a primary 
challenge with KLH (arrow-lymph flow stopped).
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Figure 6.7 The cell composition of the efferent lymph 
from the prefemoral lymph nodes of the twin calves 
Friesian SV20, Brahman SV21 in response to a primary 
challenge with KLH.
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Figure 6.8 The cell composition of the efferent lymph 
from the prefemoral lymph nodes of the twin calves 
Friesian SV20 and Brahman SV21 in response to a 
secondary challenge with KLH.
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the secondary response, the Brahman had a greater output 
of antibody-producing cells which were also detected for 
a longer period. The profile of the total and large cell 
output was also different as the Brahman had a peak 
response about 45 hours before the Friesian, although the 
peak response of the large cells and the percentage of 
large cells was greater in the Friesian calf. The 
kinetics of the cell output during the secondary response 
in the Friesian calf was unusual in that the peak 
response occurred about 45 hours later than was expected 
for a secondary response.
In the fifth pair of Friesian-Brahman twins Friesian 
SV17 (95.1% Friesian lymphocytes in lymph) and Brahman SV18 
(97.8% Friesian lymphocytes in lymph) in which only the 
secondary immune response was studied in both calves, the 
Brahman calf was the superior responder. The output of 
antibody-producing cells was 5 times that of the Friesian 
and whereas the total cell output was similar in each 
calf, the output of large cells and the percentage of large 
cells was greater in the Brahman calf.
In summary, the results of the studies of the primary 
and secondary responses to KLH in chimaeric twin calves, 
in which there was complete or almost complete dominance 
of the lymphoid apparatus by lymphocytes of one genotype, 
showed that the response in each calf usually differed 
from its co-twin. Brahman calves, regardless of their 
lymphocyte genotype, gave more vigorous immune responses 
than Friesian or Jersey calves in almost all instances.
6.7 THE CHIMAERIC STATUS OF THE LYMPHOCYTE POPULATION IN
THE PREFEMORAL LYMPH DURING THE IMMUNE RESPONSE IN
CHIMAERIC CALVES
The question of whether the lymphocyte populations of 
different genotypes of the prefemoral lymph node respond 
similarly during the immune response was examined by monit­
oring the percentage of Bos indious and Bos taurus cells in 
the lymph daily. Bos indious and Bos taurus lymphocytes were 
identified by specific alloantisera in the lymphocytotoxic
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test for chimaerism. In addition to monitoring the lymph 
from the twins described in the previous section, the 
percentage of Bos indicus and Bos taurus cells was monitored 
during the immune response in Jersey-Brahman twins (GC13, 
GC14) and in Friesian SV4 and Angus SV7, both of which 
were surviving members of chimaeric twins. No significant 
changes were detected in the proportions of Bos indicus and 
Bos taurus cells during the immune response in any of the 
chimaeric animals. An example of the results of an 
experiment is illustrated in Figure 6.9 which shows the 
immune response to a primary challenge with KLH in Angus 
SV7.
It was not possible to differentiate Bos indicus and 
Bos taurus antibody-producing cells from one another, so no 
data were obtained for the chimaeric status of the anti- 
body-producing cell population. An attempt was made to 
kill Bos indicus cells in samples of lymph by treating them 
with Bos indicus specific alloantisera and complement, and 
then assaying the residual cells (Bos taurus cells) for 
antibody-producing cells. However, it was found that this 
treatment reduced the number of antibody-producing cells 
in the assay to less than half even though the Bos taurus 
cells were assessed to be viable by eosin-Y dye exclusion.
6.8 STUDIES ON THE SECONDARY IMMUNE RESPONSE TO ANTIGENS
FROM THE CATTLE TICK, BOOPHILUS MICROPLUS
The secondary response of the prefemoral lymph node 
to tick antigen was studied in Jersey GC8, Friesian SV15 
and 2 pairs of Friesian-Brahman twins (SV20, SV21 and 
SV24, SV25). The cellular responses are shown in Figure 
6.10 (GC8, SV15), Figure 6.11 (SV20, SV21) and Figure 6.12 
(SV24, SV25). The cellular responses of GC8 and SV15 
were similar, although at the peak of these responses the 
percentage of large cells was 7% greater in the Jersey 
than in the Friesian. In the twins (SV20, SV21), the 
output of total cells was similar but the output of large 
cells was greater in the Brahman calf. The peak of the 
response in terms of large cells occurred slightly later
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Figure 6.9 Some parameters of the immune response and
the proportion of autochthonous cells in the efferent 
lymph of the prefemoral lymph node of the Angus calf 
SV7 in response to a primary challenge with KLK.
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Figure 6.10 The cell composition of the efferent lymph 
from the prefemoral lymph nodes of calves Jersey GC8 
and Friesian SV15 in response to a secondary challenge 
with tick antigens.
Jersey GC8 
Friesian SV15
15
10
5
12
10
8
6
4
2
4
3
2
1
— __
40 80 120 160 200
HOURS SINCE CHALLENGE
157
Figure 6.11 The cell composition of the efferent lymph 
from the prefemoral lymph nodes of twin calves SV20 
and SV21 in response to a secondary challenge with 
tick antigens.
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Figure 6.12 The cell composition of the efferent lymph 
from the prefemoral lymph nodes of twin calves SV24 
and SV25 in response to a secondary challenge with 
tick antigens.
Friesian SV24 
k m m m m m i  Brahman SV25
IN
D
E
X
 T
O
TA
L 
CE
LL
S 
S
TI
M
U
LA
TI
O
N
 I
N
D
E
X
< 15
M 10
£ 18
HOURS SINCE CHALLENGE
159
(about 15 hours) than in GC8 and SV15, although the total 
output of cells and of large cells in the lymph was 
greater in SV20 and SV21. The response differed in the 
twins SV24 and SV25. In the Friesian calf (SV24), the 
peak of the response for the total cell output and the 
large cell output occurred earlier than in the Brahman 
calf by about 30 hours and 15 hours respectively. While 
the total cell output of the Brahman calf was much less 
than the Friesian, the output of large lymphocytes was 
greater in the Brahman calf. The cellular response in 
both sets of twins was greater than in Jersey GC8 and 
Friesian SV15.
C. DISCUSSION
The experiments described in this chapter compare the 
response of Bos indicus and Bos taurus calves and Bos indicus - 
Bos taurus chimaeric calves to antigenic challenge and 
monitor the response of lymphoid cells of different geno­
types within autochthonous and alien hosts. If the 
response of lymphoid cells was influenced by the genetic 
constitution of the host, it would demonstrate that physio­
logical and anatomical features of the environment play an 
important role in determining the characteristics of the 
immune response of cattle to antigenic challenge. The 
concept that some aspects of immune responsiveness can be 
studied by replacing the lymphoid cells of an animal with 
cells of a different genotype, has been used to study 
immune responses of mice to microbial diseases and anti­
gens. Chimaeric mice have been produced for this purpose 
by reconstituting irradiated mice with bone marrow, spleen 
or foetal liver cells (Tyan and McDevitt, 1970; Hirst and 
Campbell, 1977; Haller, Arnheiter and Lindenmann, 1979; 
Hormaeche, 1979b).
Before studies on the immune responsiveness of 
chimaeric calves could be done, it was necessary first of 
all to establish the features of the immune response in 
normal animals. To this end, a series of experiments
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were done in which the prefemoral lymph nodes of calves 
were subjected to antigenic challenge and the immune
responses monitored in the efferent lymph coming from the 
node. Responses in Jersey, Friesian and Brahman calves 
were studied. The comparative immune responsiveness of 
different breeds and species of cattle has not previously 
been studied in single cannulated lymph nodes although 
the technique has been used to study the immune response 
of cattle to Boophilus microplus infestation (Simpson-Morgan, 
1979). Emery and McCullagh (1980a,b) used the cannulated 
prefemoral and popliteal efferent lymphatics to study the 
immune response of chimaeric twin calves to reciprocal 
grafts of skin and lymphocytes.
Keyhole Limpet haemocyanin (KLH) was chosen as the 
primary antigen because it is highly immunogenic in 
laboratory animals and because it has been found previously 
to re a satisfactory antigen for use in cattle (Kateley 
and Bazzell, 1978; Banyard and Morris, 1980). KLH is 
classified as a thymus-dependent antigen as the antibody 
response is said to be dependent on cellular interactions 
between B lymphocytes, T lymphocytes and antigen-presenting 
macrophages (McConnell, 1975). Kately and Bazzell (1978) 
and Banyard and Morris (1980) immunized their animals 
intramuscularly with 5 mg and 10 mg KLH respectively 
and this resulted in high titres of antibody in the serum. 
In preliminary experiments, it was found that 10 mg KLH 
did not produce significant changes in the cell output from 
the prefemoral lymph nodes of calves and as a consequence 
larger doses of antigen (90 mg) were used. This finding 
suggests that the effectiveness of an antigenic challenge 
is related to the widespread involvement of the lymphoid 
apparatus due to the distribution of cells via the lymph 
coming from the antigenically stimulated lymph node 
(Fahy, Gerber, Morris, Trevella and Zukoski, 1980).
Ovalbumin was found to be a weak antigen for cattle. 
This finding was similar to that of Newman and Brandon 
(1981) who reported that no detectable anti-ovalbumin
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antibody could be detected in cattle after primary and 
secondary intramuscualar challenge with 5 mg ovalbumin.
In sheep however, the cannulated popliteal lymph node 
responds well to challenge with 10 mg ovalbumin (Beh and 
Lascelles, 1981).
In these experiments, the output of cells in the 
lymph during the immune response was expressed as a 
stimulation index so as to allow comparisons to be made 
between animals. However, the magnitude of the stimulation 
indices for total and large cells did not necessarily 
correlate with the magnitude of the output of antibody- 
producing cells. For example, the stimulation indices for 
total and large cell output during the primary response 
to KLH in Friesian SV20 (Figure 6.7) and Angus SV7 (Figure 
6.9) are similar but the output of antibody-producing 
cells was different (SV20, 1,625 x 10^; SV7, 162 x 10^).
There were no significant differences in the cellular 
response of the prefemoral lymph node to primary and 
secondary challenge with KLH in Jersey, Friesian and 
Brahman calves although there was a trend for some Brahman 
animals to give more vigorous responses. Jersey calves 
had a significantly lower output of antibody-producing 
cells than Friesian or Brahman calves during the primary 
immune response to KLH but there were no significant 
differences between the 3 breeds during the secondary 
response. The antibody-producing cells detected were 
producing IgM antibody. It would be expected that some 
IgG-producing cells would appear in the primary response 
at least towards the end of the response as the number of 
IgM-producing cells declined. In the secondary response, 
it would be expected that the majority of the antibody- 
producing cells would be producing IgG and that the number 
of IgM-producing cells would be low. In these experiments, 
the number of IgM-producing cells appearing in the 
secondary response was less than the numbers detected 
during the primary immune response. The observation that 
the relative numbers of IgM-producing cells in the
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secondary response compared to the primary response was 
greater in Jersey calves than Friesian or Brahman calves, 
suggested that the kinetics of antibody production during 
the secondary immune response may be different between 
breeds. It is possible that there was a higher percentage 
of IgG-producing cells in Friesian and Brahman calves 
than in Jersey calves.
Previous studies have shown that the primary response 
to KLH differs between Bos indicus and Bos taurus cattle. 
Banyard and Morris (1980) studied the immune response of 
Brahman, Red Sindhi, Hereford-cross and Charolais-cross 
calves to intramuscular and subconjunctival injections of 
KLH. When the antigen was given subconjunctivally, the 
anti-KLH antibody level in the serum and tear fluid was 
higher in Bos indicus than Bos taurus animals, but when KLH 
was given intramuscularly, the Bos taurus animals had a 
higher level of antibody in the serum.
The results of studies of the immune response of 
chimaeric twins to KLH show that the immune response of 
each calf was usually different from its co-twin and that 
Brahman calves containing either Bos indicus or Bos taurus 
lymphocytes usually gave more vigorous responses. These 
results were taken as evidence to support the proposition 
that the innate capacity of lymphocytes to recognize and 
respond to an antigen is modulated by the physiological 
and anatomical characteristics of the lymphoid apparatus. 
It could also be proposed that the reasons for the 
differences in immune responsiveness between twin calves 
was that the alien lymphocytes acquired certain character­
istics from the host during their ontogeny which altered 
their genetically-determined capacity to recognize and 
respond to an antigen.
The physiological and anatomical features which could 
be responsible for the differences in immune responsive­
ness found between chimaeric twins is a matter of specu­
lation. One possible factor of significance may be the 
efficiency with which the extravasation of antigen- 
reactive lymphocytes occurs from the specialized post-
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capillary venules of the lymph node during the immune 
response. In the quiescent lymph node, there is a 
continuous, highly organized and selective traffic of 
lymphocytes from the blood into the lymph node and out 
of it by way of the efferent lymph (Morris, 1972). After 
antigenic stimulation, the flow of blood increases 3 to 4 
times (Hay and Hobbs, 1977; Drayson, Smith and Ford,
1981) due to enlargement of post-capillary venules 
(Herman, Yamamato and Mellins, 1972) and opening of 
direct arteriovenous shunts (Herman, Utsunomiya and 
Hessel, 1979). This results in an increased influx of 
lymphocytes into the lymph node within 3 hours of anti­
genic stimulation (Cahill, Frost and Trnka, 1976). The 
number of antigen-reactive lymphocytes which extravasate 
depends on the blood flow to the node, the area and 
prevalence of specialized post-capillary venules, the 
affinity between lymphocytes and the vascular endothelium, 
and the ease at which lymphocytes can pass through the 
vascular endothelium.
The specific mechanisms which determine the special 
affinity between lymphocytes and the endothelial cells 
of the post-capillary venules of the lymph node are not 
known. It is known that the endothelial cells of the 
post-capillary venules have specialized ultrastructural, 
histochemical and metabolic features, at least in the rat 
(Andrews, Ford and Stoddart, 1980). It has been proposed 
(Hopkins, McConnell and Lachmann, 1981) that antigen may 
be expressed on endothelial cell surfaces thereby increas­
ing the selective removal of antigen-reactive lymphocytes 
from the blood but there is no direct experimental 
evidence to support this proposition at this stage. 
Lymphocytes pass between the specialized capillary 
endothelial cells in their migration from the blood into 
lymphoid tissue (Schoefl, 1972; van Ewijk, 1980). It 
has been suggested that differentiation antigens such as 
Thy-1, which has been demonstrated in the basement membrane 
of post-capillary venules in rat lymph nodes (Ritter and 
Morris, 1980), may have a role in the process of lympho­
cyte migration. It may be possible that genetically 
determined antigenic structures on the luminal surface
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of endothelium of post-capillary venules or on the 
basement membrane of endothelial cells have an important 
role in the migration of lymphocytes from the blood into 
the lymphoid tissue.
The results of the studies on chimaeric Bos indicus - 
Bos taurus twin calves show that if such genetically 
determined antigenic structures are important for the 
immune response, they are not genetically restrictive 
for lymphocytes of the same genotype as the endothelial 
cells. In a Brahman chimaera containing Friesian lympho­
cytes, the genotype of endothelial cells of lymph node 
post-capillary venules is Brahman yet Friesian lympho­
cytes will pass readily into the lymph node. In other 
chimaeras, both Bos indicus and Bos taurus lymphocytes are 
present in the efferent lymph of the unstimulated pref- 
emoral lymph node in the same proportions as in periph­
eral blood. These proportions do not change when the 
lymph node is challenged with KLH. These findings add 
further support to the view that the endothelial cell 
genotype is not a barrier to lymphocyte extravasation. 
This notion is also supported by the work of Rolstad 
(1979) who showed that allogeneic lymphocytes migrated 
from the blood into the lymph node of the rat at the same 
rate as syngeneic cells.
It may be possible that the differences in immune 
responses between twin calves are related to the comple­
ment system. Complement plays a positive role in the 
induction of antibody production in the lymph node. C3 
receptors are present on B lymphocytes and C3 is found 
in the germinal centres (reviewed by Pepys, 1976). 
Complement levels in the serum are under genetic control 
(Shreffler, 1976) and lymphoid tissue (macrophages) as 
well as non-lymphoid tissue (liver) synthesize comple­
ment components (Lachmann, 1975). The liver is the site 
of C3 synthesis. Therefore in a Brahman chimaera 
containing Friesian lymphocytes, many of the complement 
components are of Brahman genotype whereas in its
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co-twin, the complement components are of Friesian 
genotype. Complement activation during the 24 hours 
following antigenic stimulation has been shown to be 
involved in altering the lymphocyte traffic through 
lymph nodes in particular in retaining B lymphocytes 
in the lymph nodes (McConnell and Hopkins, 1981). The 
effects of complement activation were shown by the same 
group of workers to be mediated by the production of 
prostaglandin E2 (Hopkins, McConnell and Pearson, 1981). 
The exact mechanism of action of prostaglandin E2 is 
not known but it may act either by constricting the 
lymphatic sinusoids in the lymph node and preventing 
lymphocytes from leaving the node or by inhibiting the 
migratory capacity of lymphocytes.
In addition to prostaglandin E2, the efferent lymph 
of a stimulated lymph node is a potent source of 
pharmacologically-active compounds which are thought to 
regulate the immune response (Hay, Lachmann and Trnka, 
1973; English, Morris and Adams, 1977; Scott, McConnell, 
Agomo and Lachmann, 1978; Hopkins, McConnell and 
Raniwalla, 1981). Some of these substances inhibit the 
migration of macrophages while others, as yet undefined, 
modulate the synthesis of immunoglobulins by lympho­
blasts. Other substances in lymph are probably involved 
in the clonal expansion of antigen-reactive lymphocytes 
in the germinal centres. Many of these substances are 
undoubtedly produced by macrophages and lymphocytes and 
collectively they are referred to as lymphokines (re­
viewed by Waksman and Namba, 1976). The synthesis of 
modulating substances by the non-lymphoid cells of the 
lymph node could account for the differences in the 
immune responsiveness of chimaeric twin calves. The 
specialized endothelial cells of post-capillary venules 
of the lymph node could be a source of such molecules.
The fact that chimaeric calves, which have an immune 
system composed wholly or partly of lymphocytes of a 
different genotype, respond adequately to antigenic
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challenge indicates that genetic compatibility between 
lymphoid cells and their cellular environment is not a 
prerequisite for normal function of the immune system.
It has been proposed that the genotype of the cellular 
environment in which T lymphocytes mature influences the 
ability of T lymphocytes to interact with macrophages 
and B lymphocytes in the complex series of inter-cellular 
interactions which occur in the immune response. The 
M.H.C.antigens are believed to have a central role in 
these cellular interactions (Benacerraf, 1981). There 
are conflicting opinions in the literature as to whether 
the thymus (Bevan, 1977; Fink and Bevan, 1978;
Zinkernagel et dl, 1978) or the extratnymic environment 
(Katz et al, 1979; Katz et dl, 1980) is important in the 
education of T lymphocytes to recognize M.H.C. antigens 
on other lymphoid cells. Many workers support the thymic 
theory of T lymphocyte education but opinions differ as 
to whether thymic epithelial cells (Zinkernagel et dl,
1978; Jenkinson et dl, 1980) or thymic macrophages (Beller 
and Unanue, 1978; Longo and Schwartz, 1980) instruct the 
maturing T lymphocytes.
The studies of the immune responses of chimaeric 
twin calves gives support to the thymic macrophage theory. 
In a Brahman calf, whose lymphoid system is composed of 
Friesian cells, the genotype of the thymic epithelial 
cells is Brahman but the thymic macrophages are presumably 
Friesian. If thymic epithelial cells were the instructing 
cells, then maturing Friesian T lymphocytes would be 
educated to recognize Brahman M.H.C. antigens. In the 
lymph nodes, B lymphocytes and macrophages are of Friesian 
genotype and thus T lymphocytes would not interact with 
them and an immune response would not occur.
The finding that the proportions of the Bos indicus and 
Bos taurus lymphocytes in the efferent lymph of chimaeric 
calves did not change significantly during the immune 
response indicated that both cell types respond similarly 
to antigenic challenge, at least insofar as their
167
migratory characteristics are concerned. This was 
interpreted as further support for the view that alien 
lymphoid cells are regulated by the host environment 
in their response to antigenic challenge in a manner 
similar to autochthonous lymphoid cells.
Bos indicus and Bos taurus cattle have been shown to 
be equally susceptible to primary infestation with 
larvae of the cattle tick, Boophilus microplus but Bos indicus
cattle are more resistant to subsequent infestations 
(Wagland, 197 8) . It was for this reason that a study was 
done only on the secondary response to crude tick 
antigen in chimaeric twin calves. Although only 2 pairs 
of chimaeric twin calves were studied, the results 
suggested that in the Brahman cellular environment, 
Friesian lymphocytes respond more vigorously in terms 
of the output of large lymphocytes than in a Friesian 
cellular environment. This was taken to mean that phy- 
siologica.l and anatomical features of the Brahman 
prefemoral lymph node play a part in the superior response 
of Brahman chimaeric calves compared with their Friesian 
co-twins, following challenge with crude tick antigens.
168
CHAPTER 7
GENERAL DISCUSSION AND CONCLUSIONS
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At the present time there is no scientific information 
available on which to base any genetic selection programme 
aimed at improving the "fitness" of an animal to cope with 
specific diseases that may limit livestock production, even 
though it is well recognized that an animal's productivity 
depends largely on good health. Genetic selection of 
livestock has been concerned principally with attempting 
to utilize the heritability of quantitative characteristics 
such as growth rate, carcase conformation, and fertility - 
all attributes that have obvious economic worth. In selecting 
for these characteristics and for other attributes that 
increase the commercial value of animals, there is the 
strong likelihood that the inherent "fitness" of an animal, 
in the Darwinian sense, may be compromised. Natural selection 
processes favour mediocrity and animals selected for maximum 
growth rate, milk production and reproductive performance 
become more vulnerable to adverse environmental conditions 
and to metabolic and infectious disease. Rustic breeds of 
animals which excel in adaptability, longevity and survival 
ability are less productive for the reason that high levels 
of production, in the sense of say growth and reproduction, 
are incompatible with survival when climates are harsh, disease 
prevalent, and seasonal food supplies scarce.
If it was possible to select animals that were inherently 
more resistant to diseases that limit production in a 
particular region then accumulative progress might be made 
towards the establishment of high-producing breeds of animals 
that have enhanced Darwinian fitness.
7.1 THE GENETICS OF THE IMMUNE RESPONSE
There are many features of the immune response which 
are regulated in one way or another by the genetic constitution 
of an animal. The variations in the spectrum of immunoglobulins 
produced in response to antigenic stimulation are genetically 
determined as, no doubt, are the extent and rate of proliferation
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of the immune effector cells involved in the response, the 
various processes relating to the recognition and processing 
of antigen and the control of cell-mediated immune phenomena.
It is possible to suggest how the inheritance of 
patterns of immunological competence might give rise to 
genetically determined differences in disease susceptibility 
and the cellular and humoral basis of these variations.
In 1943, Scheibel described an accidental population of 
guinea pigs in which there were some animals which produced 
no antitoxin antibodies against diphtheria and others which 
produced antitoxin in abundant amounts. Scheibel was able to 
select two strains of guinea pigs on the basis of this 
immunological criterion and subsequently he demonstrated, 
by inbreeding experiments, that the high-response antitoxin 
characteristic was controlled by a dominant autosomal gene. 
Since Scheibel's observations, experiments in guinea pigs, 
rats, mice and poultry have established that the immune 
response to a variety of antigens is under genetic control.
The designation of these Ir-genes has been discussed in 
Chapter 1. The availability of many genetic markers in 
mice and guinea pigs for which linkage groups are known 
has enabled the Ir-genes to be mapped and their presence 
on the chromosomes in close linkage with the major 
histocompatibility complex (M.H.C.) genes has been verified.
Over the past few years Ir-genes have been identified 
in several species and it seems that they represent the 
basic determinants of immune responsiveness against a wide 
spectrum of antigenic determinants, including polypeptides, 
proteins and cell surface antigens (reviewed by Clark and 
Harmon, 1979; Benacerraf, 1981). While at present only a 
descriptive analysis is available for the existence and 
function of the Ir-genes, the fact that they have been found 
in several species linked to the M.H.C. suggests that it may 
be possible to manipulate them to advantage in animal breeding.
It is well known that Bos indious cattle are less
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susceptible to tick infestation than Bos taurus breeds and 
that even within susceptible breeds individual animals can 
be found which differ in their capacity to resist tick 
infestations (Utech et al, 1978b) . These differences between 
species and within breeds almost certainly have some 
immunological basis; whether it is due to inherent differences 
in the functional ability of certain classes of lymphocytes 
or in the rate of extent of synthesis of certain classes of 
immunoglobulins is not known. For all our lack of knowledge 
about the precise reasons why inherited resistance to certain 
diseases occurs, it is an empirical fact and it would seem 
worthwhile to try and decide whether natural resistance to 
disease can be related to some functional parameter of the 
immune response.
One aim of the experiments reported in this thesis was 
to develop an experimental model in cattle for studying some 
aspects of the biology of disease resistance. It was assumed 
from the outset that much of the variation between animals 
in immune responsiveness to disease agents involves both the 
lymphoid system and the physiological and anatomical 
peculiarities of various organs in which the disease 
process occurs and the immune response to it is generated.
On the basis of this assumption, the synthesis of two types 
of chimaeric animal was studied, the secondary haemopoietic 
chimaera and the primary chimaera.
The bovine chimaera represents a unique natural experiment 
in which genetically dissimilar cell populations exist together 
in a more or less stable host-graft relationship. It was 
shown by Medawar and his colleagues (Billingham et al, 1956) 
that the establishment of a stable tolerant state to 
allogeneic tissue depends on the introduction of the foreign 
cells into the host before it has developed immunological 
competence. In the case of laboratory rodents this can be 
delayed until around birth. In ruminants such as sheep and 
cattle, the immune system can react against foreign antigens 
quite early during in utero life (Schultz, 1973; Fahey and
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and Morris, 1978) and as a consequence, any experimental 
procedures to establish tissue tolerance in these species 
requires interventions quite early during pregnancy. To 
produce the tolerant state later on it is necessary to 
destroy the host's immune system first.
A special feature of pregnancy in cattle lies in the 
regularity with which twin foetuses establish a common 
placental circulation in utevo. In almost all twin pregnancies 
the vascular supply to the chorioallantois of each foetus 
fuses and a common blood circulation is established between 
the two with the consequent exchange of circulating blood 
cells and their precursors. As the blood circulations fuse 
before the foetuses have become immunocompetent, the foreign 
blood cells are held not to evoke any graft-versus-host 
response and the animal's myeloid and lymphoid cell populations 
become chimaeric. The experiments reported in this thesis 
have taken advantage of this natural circumstance to produce 
calves constituted with Bos indicus and Bos taurus lymphocytes 
using the techniques of embryo transfer.
7.2 EMBRYO TRANSPLANTATION IN CATTLE
Current embryo transplantation technology involves the 
injection of gonadotrophins in mid-oestrous cycle to induce 
the growth of many ovarian follicles. Prostaglandins are then 
injected to cause premature luteolysis and to synchronize 
the oestrous cycles of the donor and recipient cows which are 
then inseminated. Embryos are collected from donor cows non- 
surgically. Success rates measured by the numbers of normal 
embryos recovered from a donor cow depend on accurate 
observation and documentation of oestrus in the cows 
before and during the superovulation treatment and in a 
competent insemination technique. Problems can arise when 
embryo collection and transfer programmes are carried out at 
a distance from the laboratory because of the need to rely 
on others for oestrus detection, drug treatments, inseminations
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and care of pregnant recipient cows. These problems 
occurred with some of the experiments done at the Queens­
land Agricultural College, Gatton.
The production of Bos indicus - Bos taurus twin calves 
has not been reported previously and it was not known at 
the start of the experiments what effect the genetic dis­
parity between the two species of cattle would have on the 
survival of the twin foetuses or what effect this would 
have on the incidence of haemopoietic chimaerism. The 
results showed that genetic differences between the 
foetuses did not seem to affect the proportion of recip­
ient cows which became pregnant or the number of pregnant 
cows which had twin foetuses when compared with the 
results of other workers who have produced intra-species 
cattle twins by embryo transplantation. However, losses of 
twin and single ipsilateral foetuses after 7 to 8 weeks of 
gestation were substantial and these losses were greater in 
Bos indicus than in Bos taurus recipients. No explanation 
could be given for this result in the absence of information 
about the outcome of twin Bos taurus and twin Bos indious 
pregnancies in Bos taurus and Bos indicus cows. Such 
experiments were beyond the scope of the present object.
The success rate of the present experiments in pro­
ducing live chimaeric twin calves was poor. Only 12 pairs 
of twin chimaeric calves (3 Jersey-Brahman, 9 Friesian- 
Brahman) survived longer than 24 hours after birth. This was 
only 10.7% of the recipients to which embryos were transferred 
or 18.8% of the recipient cows which were pregnant at 7 to 8 
weeks gestation. There is a need for further research to 
understand the mechanisms whereby anastomosis occur between 
the chorioallantoic blood vessels of twin foetuses in cattle 
and to understand why the same phenomenon occurs so infrequently 
in sheep with twin foetuses or in litter-bearing animals.
It may be possible to produce parabiosis in foetuses of 
other species surgically, but whether this could be done
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sufficiently early to produce a stable chimaeric state 
remains to be seen.
Studies have been reported in the literature on the 
question of the extent to which genetic disparity can be 
tolerated between a surrogate mother and a transplanted 
embryo and still result in the birth of a normal offspring. 
Sheep foetuses can survive in the uterus of the goat until 
at least day 42 of gestation while the survival of goat 
embryos in the ewe is poor (Hancock and McGovern, 1968).
Donkey foals have been born from pony mares and pony foals 
from donkeys after embryo transplantation (Anon, 1980).
Some of the failures of inter-species embryo transfers 
may be related to inappropriate endocrine secretions of the 
surrogate mother while others may be caused by immunologically 
determined rejection of the foetus by the mother.
If the losses that occurred in the present series of 
artificially produced twin pregnancies after 7 to 8 weeks 
gestation reflect the attrition rate of natural twin 
pregnancies then the incidence of natural twinning in cattle 
would be about twice the frequency of recorded twin births 
(see Table 3.3). Again if the losses of one or both foetuses 
were due to immunological interactions of the graft-versus- 
host type between foetuses, the chimaeric state, as seen in 
the majority of twin calves after birth, would not represent 
the true outcome of the embryonic vascular fusion. It may 
be that in a proportion of twin pregnancies, stable tolerance 
is not achieved and as a result one or both of the foetuses 
is destroyed. Such an outcome would not be perceived in 
natural pregnancies.
It seems certain that the prematurity of the Brahman 
co-twin is the result of hormones secreted by the Bos taurus 
twin initiating parturition prior to the full development of 
the Brahman foetus. Foetal endocrine activity in late 
pregnancy not only initiates parturition but also stimulates
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various maturation processes in different organs that enhance 
the prospects of survival in the new-born. These processes 
of maturation occur over a time course measured in days.
It is now certain that accelerated pre-partum maturation 
cannot be explained solely in terms of any direct effects 
of cortisol on the tissues; hormones such as somatotrophins, 
prostaglandins, placental lactogens, pituitary hormones, 
catecholamines and steriod hormones may also mediate the 
maturation of tissue acting alone or synergistically with 
cortisol.
Some of the tissue changes are manifest in alterations 
of thyroid function, the accumulation of glycogen in the 
liver, increased synthesis of insulin in response to changes 
in blood glucose levels, replacement of foetal haemoglobin 
by the adult variety and changes in lung structure with 
the secretion of surfactants which allow for adequate oxygen 
exchange and dilatation of the pulmonary alveoli when 
respiration begins (Liggins et at, 1979). Enzymes in a 
number of organs including foeral brain and gut also become 
activated.
It was puzzling that the hormones responsible for the 
maturation of the Bos taurus foetus during the final week 
of gestation did not seem to be able to increase the rate of 
maturation of the Bos indicus co-twin. There are several 
possible reasons for this. For example, the hormones 
secreted by the Bos taurus foetus may attach rapidly to 
their specific receptors in target organs and the complexes 
may have an association constant such that no undissociated 
hormones remained in the circulation for transfer to the 
co-twin. There may be quite precise species specificity for 
these hormones which would make them ineffective in the co­
twin. Further, it is likely that the events of foetal 
maturation are concatenated and under a degree of intrinsic 
control which cannot be altered by extraneous hormones which 
are available out of their proper sequence. For example,
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the adrenals of the foetal sheep are unresponsive to 
exogenous ACTH before day 135 of gestation (Thorburn,
Challis and Robinson, 1977) .
It would have been more appropriate to use Bos taurus 
cows as embryo recipients than Bos indicus. Bos taurus are 
temperamentally more predictable and they have a higher 
natural twinning rate (1 to 3%) than Bos indicus (0.22%)
(Marcum, 1974). The Brahman cows presented additional 
problems after they had calved for their maternal emotionalism 
made handling them dangerous for the personnel and for their 
calves. One young chimaeric calf was killed in a charge 
by her Brahman surrogate mother.
The incidence of chimaerism in the Bos indicus - Bos 
taurus twins that were produced varied depending on the Bos 
taurus breed. All of the Friesian-Brahman twins were chimaeric 
but 50% of the Jersey-Brahman twin calves and foetuses 
tested were not. Friesian lymphocytes dominated in all the 
Friesian-Brahman twins and in most pairs in excess of 90% of 
lymphocytes were Friesian when the calves were tested soon 
after birth. The proportion of Friesian lymphocytes increased 
as the calves grew older. There was no uniform dominance 
of one lymphocyte type over the other in Jersey-Brahman twins. 
The pattern of erythrocyte chimaerism was similar to 
lymphocyte chimaerism with the notable exception of 2 pairs 
of Friesian-Brahman twins in which Brahman erythrocytes were 
the dominant type. As discussed in Chapter 4, these results 
suggest that there are separate stem cells from which 
lymphocytes and erythrocytes are derived. However, much has 
yet to be learnt of the ontogeny of haemopoietic cells in 
the bovine to explain satisfactorily these results and the 
way in which the chimaeric state alters the normal pattern 
of haemopoietic cell development. For example, what factors 
influence the migratory pattern of haemopoietic cells and 
what is the role of haemopoietic organs such as the liver, 
spleen and bone marrow in their colonization by haemopoietic
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cells? The role of the surface antigens on haemopoietic 
cells in influencing cellular interactions between haemopoietic 
cells of differing genotypes is completely unknown particularly 
in respect of the induction of tolerance.
7.3 EMBRYO MICROMANIPULATION
The experiments done to synthesize primary Bos indicus <— >
Bos taurus chimaeric calves were complementary to those 
experiments done to produce secondary Bos indicus - Bos 
taurus chimaeras. The synthesis of calves with Bos indicus - 
Bos taurus skin chimaerism would be useful for studying 
the relative roles of the physiology and anatomy of the 
skin and the lymphoid system in resistance to infestation 
with the cattle tick, Boophilus microplus. One of the calves born 
had chimaerism of internal tissues but the aim of synthesizing 
calves with skin chimaerism was not achieved. A possible 
alternative means of producing calves with skin chimaerism 
would be to graft skin by surgical means from a Bos indicus 
foetus to a Bos taurus foetus and vice versa at an early 
stage of development before immunocompetence has developed.
A necessary prerequisite for future studies on the synthesis 
of primary chimaeric cattle is the development of accurate 
genetic markers for the determination of the extent and 
distribution of chimaeric cells throughout the individual. 
Immunofluorescent techniques using antisera directed against 
M.H.C. determinants would probably be a suitable method.
Biopsies could be taken and the tissues examined for chimaerism. 
Other markers such as haemoglobin types, erythrocyte 
antigens, serum proteins and cell enzymes could also be 
used but to do this sufficient numbers of cows and bulls 
exhibiting polymorphism of these markers must be available 
in order that appropriate animals can be selected as embryo 
donors.
There is a great potential for the application of the 
techniques of micromanipulation of embryos and gametes for
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research into aspects of the reproductive biology of domestic 
animals. Already it is possible to produce monozygotic 
twins in sheep and monozygotic twins and triplets in cattle 
of selected parentage by the division of the blastomeres 
of embryos from the 2-cell to the pre-compaction morula stage 
(Willadsen, 1979; Willadsen and Polge, 1981; Willadsen, 
Lehn-Jensen, Fehilly and Newcomb, 1981). Monozygotic twins 
and triplets could be used for a wide variety of experiments 
where genetic homogeneity was desirable, particularly as less 
than 10% of natural twins in cattle are monozygotic (Hendy 
and Bowman, 1970). The technique could also be applied for 
obtaining the maximum number of offspring from superior 
cows, ewes and mares.
The possibility of obtaining multiple copies of superior 
animals has been taken one step closer to reality with the 
recent demonstration that identical offspring can be 
produced by the microinjection of nuclei from cells of the 
blastocyst of one strain of mice into the zygote of another 
strain (Illmensee and Hoppe, 19 81) . The female and male 
pronuclei were removed from the zygote after nuclear 
transplantation. As it is not yet possible to produce 
offspring following the micro-surgical transplantation of 
differentiated adult nuclei into embryonic cells, cloning 
of adult animals may be able to be achieved by the trans­
plantation of nuclei from spermatogonia or primary oocytes. 
Methods for in vitro cultivation of spermatogonia or primary 
oocytes would be required for this to be achieved. It may 
be possible to use the techniques of nuclear transplantation 
to produce multiple offspring from cows, more than can be 
currently produced by conventional embryo transfer methods. 
However, it would be necessary to have a ready supply of 
zygotes and the full potential of this technique could only 
be realized with the development of efficient means for the 
in vitro cultivation and fertilization of bovine oocytes.
Microinjection techniques could be used to introduce
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individual spermatozoa into oocytes to study the events 
of fertilization. The technique could also be used to 
inject viruses and other infectious agents which might 
effect fertilization and the development of the embryo.
The blastocyst injection technique could be used for 
studies of inter-species hybrid breakdown and the reasons 
for the failure of inter-species embryo transfer. For 
example, the injection of an inner cell mass from a goat 
blastocyst into a sheep blastocyst limits chimaerism to 
the embryo proper and if the composite blastocyst was 
transferred to a recipient ewe, the interaction between the 
goat trophoblast and the sheep uterus would be avoided. 
Similar experiments in which rat-mouse chimaeric foetuses 
were produced have been reported by Gardner and Johnson (1973)
7.4 IMMUNE RESPONSES OF CHIMAERIC CALVES
The studies of the immune response of chimaeric Bos 
indicus - Bos taurus calves required methodology to 
differentiate the Bos indious and Bos taurus components of 
the immune response which are being measured. In these 
experiments, lymphocytotoxic alloantisera raised against 
lymphocytes from the semen donors used for the insemination 
of donor and recipient cows were used to identify Bos indicus 
and Bos taurus lymphocytes in the efferent lymph of the 
antigenically stimulated prefemoral lymph node. The study 
of the immune response in a single lymph node has the 
advantage that the differentiation of Bos indicus and Bos 
taurus lymphocytes can be studied in response to antigenic 
challenge. If instead the systemic immune response was 
studied by measuring plasma antibody levels following 
intramuscular antigenic challenge, it would have been 
necessary to differentiate immunoglobulins originating from 
Bos indicus and Bos taurus lymphocytes. Immunoglobulins can 
be differentiated by their allotypes and this method has 
been used to determine chimaerism in primary chimaeric mice 
and rabbits (Bechtol et al, 1974 ; Babinet and Bordenave, 1980)
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Although the immunoglobulin allotypes of cattle have been 
studied (Faber and Stone, 1976), no work has been done on 
Australian cattle. The analysis of the immune responses of 
chimaeric calves in terms of immunoglobulin allotypes would 
have required extensive work to prepare diagnostic reagents 
which would specify the allotypes of Bos indicus and Bos 
taurus cattle before the experiments to produce twin calves 
could have begun.
The studies of the immune response of chimaeric twin 
calves showed that each calf gave a response that differed 
from its co-twin. Brahman calves carrying either Bos indicus 
or Bos taurus lymphocytes were usually superior responders 
to Bos taurus calves. These results were interpreted to 
mean that there are physiological and/or anatomical features 
which are responsible for the variations in immune responsive­
ness between cattle quite apart from any differences there may 
be in the reactivity of lymphocytes of different genetic 
constitutions. Some of these features which may account 
for these differences are discussed in Chapter 6. It is 
obvious that there is a need to examine further the physiology 
and anatomy of lymph nodes of cattle and in particular the 
vascular supply, to determine if any of the suggested 
propositions which could account for differences in immune 
responsiveness are operative. Further studies which could 
be done with these chimaeric calves include the comparative 
response of twins to infestation with Boophilus microplus 
larvae or infections with Babesia bovis.
A refinement of the studies of the immune responsiveness 
of chimaeric twin calves would be to produce a monozygotic 
twin to the Bos indicus and Bos taurus members of a pair of 
chimaeric Bos indicus - Bos taurus twins . The immune 
responsiveness of these calves could also be studied and 
act as a control for the studies on the chimaeric twins.
To do this, a Bos indicus and Bos taurus embryo would have to 
be divided in half by micromanipulation techniques. One
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half of the Bos indious and Bos taurus embryos would be 
transferred to a recipient cow to produce the chimaeric 
twins and the second half of the embryos would be trans­
ferred to two other recipient cows.
The full understanding of the mechanisms of disease 
resistance in domestic animals will lead to more effective 
methods of controlling disease and to the development of 
techniques to select animals of superior disease resistance 
for breeding purposes. This will require continued research 
to investigate the complex series of cellular interactions 
between classes of lymphoid cel]s during the immune response, 
including the significance of cell surface structures coded 
by genes of the M.H.C. and the role of physiological and 
anatomical features of the animal in the immune response.
It is probable that some, at least, of the mechanisms of 
resistance to diseases will be specific for each disease. 
However, the effort is worthwhile, not only to reduce the 
enormous cost of the control of diseases which limit animal 
production, particularly in cattle, but also because large 
tracts of land are presently unusuable for livestock 
production because of endemic disease (Bloom, 1979).
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